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PREFACE. 


The Scientific Work in the Ukraina in the period of time from 
1920 to 1926 has acquired new forms of organisation, which resulted in 
a number of Central Scientific Institutions, of a State’s importance, uniting 
numerous local workers in that line. 

One of the first Scientific Institutions founded during the Revolution 
Period was the Agricultural Scientific Committee, under which from the 
very first day of its foundation the Pedological Section conducted its work. 
No definite plan was controlling soil-science work in Russia of the 
pre-revolution period and only owing to the energy of different public 
organisations and prominent scientists separate dissected survey work 
originated, in most cases accidentaly. The State however did not show 
any initiative in that respect. 

After the October Revolution scientific work in the Ukraina, included 
in the general plan of State construction received definitely outlined 
instructions of State importance. This made it possible for the Pedologi- 
cal Section to start with an extensive compound study of the Ukrainian 
soils already in 1920, which resulted in a soil map of the country on a 
scale of 1:1.050.000, approved for publication in 1923 by a Special 
Committee of Ukrainian Pedologists and later on submitted by the Section 
for consideration of the 6-th All Union Congress of Pedologists in Lenin- 
grad in 1927. 

At present this Section is accomplishing the work on the preparation 
of a soil map of Ukraina on a scale of 1: 126.000 to be finished by 1931 
according to a 5 years plan. 

The following are the basic principles of the new survey work in 
the Ukraina. 

1. The most manifold study of the soil forming material, mainly the 
loess. Data on hand already permit to discern several horizons with 
interlayers of fossil soils in the loess-profile, thus dividing the glacial 
period into a series of glacial and interglacial epochs. The study of the 
correlation between the loess of different horizons and the moraine, 
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enabled to detalise the methods of definition of the river valleys’ age 
and thus permits to form the positive opinion on the origin of Ukrainian 
loess (see W. Krokos, paper). 

2. The working out of a new program of chemical study of the 
loess; the works on the study of colloidal features of this rock (see 
A. Sokolovsky’s paper) greatly added to the improvement of methods of 
investigations of Quaternary deposits. 

3. The Section paid particular attention to the explanation of condi- 
tions of soil formation in the Ukraina and all the country’s climatological, 
orographical and topographical material on hand has undergone a most 
minute study. It was therefore deemed necessary in connection with a 
general (latitudinal) change of climate, to divide the Ukraina into ag 
number of soil-climatic subzones; the western and eastern parts of these 
subzones in view of meridional changes of climate have been subdivide d 
into special provinces. Further on, owing to local changes of climate in 
connection with the orographical peculiarity of the district, an existence 
of several soil-provinces is being witnessed (Oro-climate). The phenomenon 
of climatic and topographical macro- and auero-complexity calls forth a 
soil-complexity of the loess steppe of the Ukraina; the study of this 
phenomenon leads also to new possibilities in agriculture, since every 
component of the soil macro-complex represents the soil unit which is 
the first link in the whole chain of scientific experiments, and agriculty- 
ral practice in general (see G. Makhov’s paper). ee 

4. The study of several separate questions of Ukrainian Pedology ie 
of the greatest scientific and practical importance. This also applies to 
saline soils. The brilliant investigations of Professor Gedroiz, which 
also deal with Ukrainian soils, spread the first light on the origin and 
metamorphosis of salty soils. The study of the genesis of these Soils, 
closely connected with the phenomena of the Quaternary period, will 
undoubtedly enlighten a number of questions on the geology of surface’s 
formations, pedology and climate of the Quaternary period and wij] as 
the same time lead to very valuable practical conclusions as to ep 
improvement of saline soils. The lirst steps in the direction of a styg 
of salines and alkali-soils of the Ukraina gave a most interesting materiet 
as concerns their chemical nature and origin (see D. Vilensky’s Paper) 

5. Only by way of a combined topographical and soil-botanical 
survey is a successful soil study possible. The investigations of the 
remaining districts of the virgin steppe, where soils and vegetation can 
be studied in their dynamic correlation, give the fullest possible Picture 
of the conditions of soil formation, as well as of the interrelation between 
vegetation and soil. The latest geo-botanical investigations in this country 
enabled to establish types of steppes conected with definite soils and lead 
to the building up of a scheme of geo-botanical districts of the Ukraina 
(see E. Lavrenko’s paper). 
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The above achievements of Ukrainian Soil Science and Geo-Botany 
in the period of time from 1920 to 1927, pointed out at the 5th and 
6th All-Union Congresses of Pedologists (in Moscow and Leningrad) 
permit the Section to submit the papers, included in this book, to the 
forthcoming Congress. 


President of the Pedological Section 
Professor G. Makhov. 


Ist May 1927. 
Kharkov, Ukraina. 


The loess formations of the Ukraina. 
By Prof. W. /. Krokos. 


A considerable part of the Ukraina is covered by a continuous mantle 
of loess. The latter rests upon the plateau, descends along the slopes and 
clothes the ancient river-terraces. The northern limit of the continuous 
development of loess runs approximately along the line Zhitomir—Kiev— 
Niezhin—Konotop. The generally adopted methods of geological surveying 
based on the exploration of natural outcrops proved to give no positive 
results in the study of the loess, the fact depending on the following 
circumstances: natural outcrops are usually absent in the upper portions 
of the gentle slopes, as well as on the plateau, the structure of their loess 
mantle thus remaining unknown. As a rule, the natural outcrops are not 
deep. If one of these outcrops exposes some details, the other usually 
exhibits some others, so that mistakes are always possible in the inter- 
pretation of that kind of sections. In the conditions of a dry climate 


_ the naturally exposed loess outcrops are covered with a brownish weathe- 


ring crust and the loess looses its peculiar features. The outcrops most 
frequently located in the lower parts of the slopes are exposing the delu- 
vial varieties of the loess, yielding false data as to the structure and 
origin of the loess formation. These considerations compelled the late 
Prof. Nabokikh, director of the soil Survey of the Ukraina, to acknow- 
ledge the necessity of exploring the loess by means of artificial cuttings 
of the plateau and of the gentle slopes (6). The author took part in the 
performance of the named explorations as assistant of Pr. Nabokikh; 
and after his death continued the exploration of the loess formations of 
the Ukraina by means of deep artificial cuttings (as well as of good na- 
tural ones). 

The methods applied in that exploration-work are as follows: on an 
even portion of the plateau or of a river-terrace a pit is sunk, usually to 
the level of the ground water, encountered at a depth from 6 to 15 meters. Two 
forms of pits are adaptable: that of an open cellar and that of a well. The open 
cellar is rectangular in form. One of its shorter sides is vertical (see 
fig. 1, a) whilst the other is dug in form of steps, in descending which 


the explorer may study the sediments inch by inch. 
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ce oe 
Another, less convenient, however cheeper type of pit is that of 
a common well (see fig. 1, b). The explorer descends length a rope 
and studies the walls of the well. 
As at a certain depth of the pit water is appearing, further digging is 


arrested and boring effected by means of a hand bore, is applied to the 
floor of the pit till the country rock (usu- 


ally Tertiary deposits) be encountered. 

The present paper contains the re- 
sults of the author’s explorations of the 
loess formations of the Ukraina perfor- 
med during the years 1912—1926. 

The loess overlying the plateau at- 
tains more than 25 meters in thickness, 
being subdivided by three stratigraphic 
a b interbeds of fossil soils into four sepa- 
rate horizons. These four loess horizons 
have been observed on the whole exten. 
sive territory of the Ukraina, from the 
Black Sea coast in the south to the towns Lubny and Lokhvitsa in the 
north. The author distinguishes four separate loess horizons, in descending 
order: the first, second, third and fourth ones, Each of these separate 
loess horizons presents an independent stratigraphic unit and has been 
deposited during a definite geological period of the Quaternary history of 
the region. Therefore, the question, as to the date of the deposition of 
the loess formations of the Ukraina naturally falls into four separate 
questions: those of the dates in which the separate loess horizons have 
been formed. A deciding moment in the resolution of these questions is 
the definition of the relations existing between the loess horizons and 
a broad linguiform moraine that has descended length the middle course 
of the Dnieper as far as 48°50’ of Northern latitude in result of the Dnie- 
per glaciation. The observations showed that in the glaciated region the 
moraine is wedging into the second loess horizon, dividing the latter into 
two unequal parts: a smaller, overlying the moraine and a larger one—under- 
lying the latter. These facts give evidence to the conclusion that the se- 
cond loess horizon may be put in connection with the moraine of the Dnie- 
per glaciation, and to the assumption, as to the given loess horizon having 
been deposited during the advance, stay and retreat of the glacier. In 
advancing, the ice sheet was spreading over the just formed portion of 
the second loess horizon, whilst during the period of subsidence, the 
glacial deposits have, in their turn, been covered by the upper portion of 
the second loess horizon. Fig. 2 presents an idealised section, 420 km in 
length, drawn length the line Odessa (in the south) — Lubny (in the north- 
north-east) and exhibiting the four lvess horizons, as well as the relations 
between the moraine and the loessdeposits pertaining to the second hori- 


Fig. 1. Pit in form of open cellar and 
in form of well. 
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zon. In examining the question as to. the origin and mode of deposition of 
the second loess horizon, the deluvial and alluvial theories must be abso- 
lutely rejected. The deluvial theory does not explain the presence of loess 
deposits on the watersheds. The alluvial theory, considering the loess to 
be a fluvioglacial deposit, cannot explain the loess covering of a number 
of watersheds located outside the glaciated region, and lying in certain 
cases on a higher level than that of the moraine. Both theories give, 
moreover, no answer as to why the loess is represented on the whole 
extensive area of its development by a more or less uniform, unstratified, 
deposit of sandy loam. There is but the aeolian theory, proposed as long 
ago as 1899 by P. A. Tutkovsky, M. of the Ukrainian Academy of 
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Fig. 2. Idealised section along the line Lubny--Odessa (420 km). 
1. Modern soil. 2. First loess-horizon. 3. First fossil soil. 4. The 
portion of the second loess horizon, overlying the moraine. 5. Mo- 
raine. 6. The portion of the second loess horizon, underlying the 


moraine. 7. Second fossil soil. 8. Third loess horizon. 9. Third 
fossil soil. 10. Fourth loess horizon. 


Sciences, that solves more or less satisfactorily the problem of the origin 
of loess. On behalf of the latter theory it must be noted, that fluvioglacial 
deposits have been chiefly subjected to winddispersion, and but partly — 
the moraine. 

Drawing an analogy with the second horizon, the author is supposing 


that the remaining three loess horizons have been equally deposited 


during corresponding periods of glaciation. Thus, it ensues, that, in con- 
nection with the four loess horizons, we may speak of four separate gla- 
ciations of the East European plain. Among these but one has been 
detected on the territory of the Ukraina, namely the third one, presen- 
ting evidently the maximal glaciation of Eastern Europe. 

In form of a presumption it is possible to correlate the four East- 
European glaciations with the four Alpine ones, established by Penck 
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and Briickner (Giinz, Mindel, Riss and Wiirm); moreover, it is 
of interest to note, that to the maximal third Alpine glaciation equally 
corresponds a maximal third East-European one. 

The thicknesses of each of the loess horizons are with great constancy 
retained within the explored territory. The first horizon is in average from 
300 to 350 cm in thickness. The second loess horizon is about two or two 
and a half times as thick as the first loess horizon. The same may be 
stated in regard to the third loess horizon. Each of these horizons varies 
from 600 to 800 cm in thickness. The relatively small thickness of the 
first horizon gives evidence as to the last glaciation of East-Europe, con- 
nected with that horizon, having spread over a no extensive area. The 
fact that the second and third loess horizons are nearly identical in thick- 
ness, probably indicates that the second glaciation of the East-European 
plain embraced an area, nearly equal to that covered by the third glacia- 
tion, considered as a maximal one. As to the fourth loess horizon, it may 
so far be only stated (as in the majority of cases but its uppermost por- 
tions have been exposed), that the first glaciation corresponding to that 
horizon had covered an area not inferior to that of the last glaciation. 
The existence of a close connection between the loess horizons and 
the moraine is ‘moreover confirmed by data obtained from chemical ana- 
lyses. Thus, for the southern border of the glaciated region, located south- 
wards of Kremenchug, the results of chemical analyses proved to be 
as follows: 


By calculation of humusless and carbonateless material. 


Si0,) ALO: FeO; | Mn,O;) CaO MgO} K,0 | Na,O | Total |CO, |CaCO3 


The first loess hori- 

ee ° 79,53) 9,88; 3,59 | 0,08 | 1,78 1,19| 3,09} 1,08 | 100,22) 6,72) 13,93 
peoraine =, . s+ 89,94) 9,30) 3,37 | 0,11 | 1,72] 1,72) 2,10 1,03 | 103,29) 6,06 12,14 
The second loess 

Horizon... . . 82,44, 8,31) 3,24 | 0,05 | 1,69) 1,69) 1,44! 0,76 | 99,62)/5,15, 8,06 
The third loess ho- 

rizon, . .. . .|77,98) 11,61; 3,99 | 0,09 | 1,66) 1,11! 233! 1,44 | 100,21) 4,45) 8,59 


The examination of the above quoted data of chemical analysis shows 
that the moraines and loesses of the glaciated region contain considerable 
amounts of SiO,. On behalf of the contents of sesquioxides it may be 
noted, that Al,O; is nearly 2!/e—3 as high as Fe,O;. There is a conside- 
rable amount of K,O, the latter nearly twice surpassing that of Na,O. 
On account of the high contents of CaCO, attaining 12,14, the moraine 
may be called carbonaceous, 

An especially close connection with the moraine, in respect to its 
chemical composition, is exhibited by the second loess horizon, the latter 
having originated, as it has been above explained, in result of dispersion 


by wind and a subsequent redeposition of material derived from the 
fluvioglacial deposits and the moraine pertaining to the Dnieper-glaciation. 
A considerable similarity in the chemical composition of the moraine with 
that of the first and third loess horizons shows that the materials from 
which the latter have been derived (the moraines of the second and fourth 
glaciations, respectively) have been little differing from that of the moraine 
pertaining to the Dnieper-glaciation. 

A. I. Nabokikh has already stated that the loess deposits obser- 
| ved outside the glaciated region gradually become more and more clayey 
| in proportion to their remoteness from the latter. On his reconnaissance 
map of the Quaternary deposits of the Ukraina G. G. Makhov indicates 
in the glacial region a zone of light-loamy loess, the latter being gradually 
replaced in areas more distanced from the glaciated region, by a zone of 
loamy and, finally, of clayey loess. The author’s analyses show that in 
the unglaciated region the loesses contain smaller amounts of SiO, and 
become richer in Al,O;. Thus, an analysis of the four loess horizons in 
the district of the railway-station Rasdielnaya (75 km to the North-West from 
Odessa), lying at a distance of 250 km to the South-East from the glacia- 
ted region, afforded the following results: 


By calculation of humusless and carbonateless material. 
__—_— —— — — ————— ——————”T,,rrrnssss ee _oc—— 
| - —-— -—— - 


; | B . 
SiO,| Fe,03 |Al,O3/Mn,O;/CaO MgO|K,0| Na,0 Hy drat.) Total | CO, |CaCOs 


— 


First loess-ho- | | 
rizon ... 69,30) 5,72 | 14,92) 0,29 |1,30 | 2,27; 2,51| 0,85 4,60 | 101,33 6,55 | 14,88 


Second loess- 
horizon .  |70,21) 5,63 | 11,75) 0,26 |1,26|2,07) 2,61) 1,33} 5,38 | 100,50) 5,42/ 12,31 


Third loess-ho- 
rizon .. . 167,55} 5,98 | 16,22) 0,34 |1,47/| 2,41) 1,97/ 0,73| 5,67 | 102,34) 5,38 12,22 


Fourth  loess- 
horizon . . |68,15| 5,73 | 15.7) 0,17 |1,13 | 2,04 1,76) 0,69! 5,34 | 100,78 5,05| 11,48 


Similarly to those of the glaciated region the above mentioned hori- 
zons of aeolian loess exhibit within the region of river-valleys a raised 
contents of SiO. and a correspondingly lower of Al,O3. This statement is 
illustrated by the following data afforded by an analysis of three loess 
horizons exposed near Kherson (situated on the right-bank slope of the 
Dnieper, in the lower part of the latter): 


C20 | 


| CaCO, 


CO, 


Fe,O0; MgO Mn,0, K,O | Na,O 
| 


First loess-horizon . | 79,43} 8,18 | 4,42 | 1,52 1,37 | 0,18 | 2,55 | 1,34} 5,11 | 11,75 


Second loess-hori- 
ea ea 83,70; 8,14} 3,12 | 0,60 | 1,67 | 0,04 2,48 | 1,24 | 3,60! 818 


Third loess-horizon. | 80,90! 7,80 | 3,51 | 0,52 | 2,51 | 0,07 age 1,35 | 7,60 | 9,51 
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The increase of the SiO, content in the loess horizons exposed 
in the drainage regions is often accompanied by the occurrence of small 
lentiles and minute interbeds of dune-sands. These facts are showing 
that during the glacial periods, when the glacial winds have been 
afflating the loessial dust, sandy material has been added to the latter in 
regions occupied by river valleys, the sand being supplied by local winds 
arising under the influence of the river system. That kind of loess is ter- 
med by us as ,loess with interbeds of dune-sands*. 

Loess formations along rivers and in sea-coastal regions sometimes 
contain very sparce, sharp-edged splitters of the rocks which are exposed 
in their vicinity (limestone, granite, flint and others). According to the 
opinion of A. 1. Nabokikh, they are proofs of the existence, during the 
periods of loess formation, of whirlwinds which afflated the named mate- 
rials into the loess beds of the plateau situated in the vicinity of rivers. 
To the latter consideration the author considers it necessary to add that 
these splitters have been transported on the roots of steppe-plants deraci- 
nated by these whirlwinds. 

Of rather frequent occurrence within river valleys is a stratified loess 
containing rests of fresh-water mollusks and located in the lower parts of 
the first, second and third loess-horizons. The origin of that ,fresh-water 
loess“ is to be explained by the existence of small ancient lakes that have 
been filled up with loessial dust during the corresponding periods of 
glaciation. The fresh-water loess occurs usually in form of small patches 
confined, as a rule, to the modern river valleys. 

On the slopes, in result of ancient and modern deluvial processes, 
the loess is sometimes occurring in form of a washed deluvial mass, con- 
taining gradually outwedging interbeds of the country rocks exposed length 
the slope (sand, clay, fragments of limestone, granite and sandstone). 
That kind of loess, termed as ,deluvial loess‘ has never been observed on 
the plateau. 

The aeolian loess has the aspect of a porous nonstratified carbon- 
aceous sandy loam, whitish-yellow in the upper portions and chocolate-colou- 
red in the lower ones; the lower portions of the loess have therefore been 
termed by A. I. Nabokikh as _ ,chocolate-loess*. The chocolate-loess 
presents a loamy deposit, penetrated by whitish-yellow branching strings, 
dividing its mass into a number of wedge-shaped portions. The chocolate- 
loess contains, moreover, black efflorescences, and black rounded or 
beanshlaped nodules of ferromanganeous salts, attaining from 1,5 to 2 mm 
in dimension, as well as interbeds of gypsum and lime-concretions. The 
hereafter stated analysis of the loess exposed in the vicinity of the railway- 
Station Rasdielnaya shows that, as regards their chemical composition, 
both the chocolate and the whitish-yellow kinds of loess present iden- 
tical deposits. 
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70,34 
71,64 


12,74 6,19 
12,04) 5,51 


1,72 
1,37 


1,79} 0,15 
1,53 | 0,24 


2,69 
2,50 


1,47 
1,63 


4,60 | 0,071 
4,55 | 0,021 


6,92} 15,72 
5,57 | 12,66 
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The chocolate loess must therefore be considered as an aeolian 
loess, that has in recent geological times, namely during the Postglacial 
period, being subjected to processes of swamping effected by the ground- 
waters. In result of the latter process gypsum and lime concretions, as 
well as the ferromanganeous rounded or beanshaped nodules and efflores- 
cences were formed in the loess. As a rule, the chocolate loess is 
encountered at a depth of 4—6 meters beneath the level of the plateau, 
the ancient groundwater level being thus defined. At the present time 
the ground-water table in the plateau-loess proves to be at a depth 
of 6—15 meters and more. The lowering of the ground-water table in 
the loess is ascribed by the author to a general uplift of the country 
(epeirogenetic movements). 

As above stated, the mass of the aeolian loess is subdivided by 
three interbeds of fossil soils into four separate horizons. As the origin 
of each of these loess horizons has been considered corresponding to a 
glacial period, the time of deposition of the fossil soils may be 
referred to respective interglacial periods. In correspondence to the three 
horizons of fossil soils the existence of three interglacial periods may be 
established in Eastern Europe. These fossil soils can be justly considered 
as ,leading fossils“, by means of which the climatic conditions prevailing 
during their formation may be reestablished. 

The first (in descending order) fossil soil, that has been formed on 
the surface of the second loess horizon presents, in the majority of cases, 
an ancient ,chernozyom“, from 60 to 100 cm in thickness. The Ukrainian 
pedologists refer the contemporaneous chernozyom, attaining about the 
same thickness, to two different subzones. The first subzone they refer 
to is characterised by achernozyom from 75 to 100 cm in thickness, termed 
as ,ordinary chernozyom“, whereas the second subzone—by a chernozyom, 
less than 75 cm thick: termed ,southern chernozyom‘. On the reconnais- 
sance soil-map of the Ukraina constructed by G. G. Makhov in 1925, 
both mentioned subzones are confined to the Southern part of the Ukraina; 
their northern limit is defined by the axis of Brownov’s subtropical 
barometrical maximum running along the line Kharkov—Poltava—Kremen- 
chug — Kamenets - Podolsk, the ,southern chernozyom* subzone lying 
southwards from the ,ordinary chernozyom‘ subzone. Whilst to the north 
from the axis of the barometrical maximum the annual precipitation 
amounts to about 600 mm and more, to the south of the latter, in the 
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domain of the arid steppe, the amount of annual precipitation does not 
surpass 400 mm, attaining at places but 300 mm. 
The first fossil soil, pertaining in the majority of cases to the 


,ordinary* and ,southern“ varieties of chernozyom, has been observed 


in the governments of Kherson, Ekaterinoslav, Taurida, Kharkov, Poltava 
and in the Southern parts of the governments of Podol, Kiev and Cherni- 
gov. Therefore, it may be supposed that during the last interglacial period 
the given region was an arid steppe with a mean annual precipitation 
from 450 to 300 mm. It ensues, that the ancient arid steppe has occupied 
a considerably larger territory than it is the case at the present time. 
In the remaining, that is in the northern and north-western parts of the 
Ukraina, the first fossil soil is represented by degraded and podzolised 
soils, the fact denoting the existence during the last interglacial period 
of a ,forest-steppe“ zone (transitory between steppe and forest). 

The second fossil soil has been formed upon the third loess horizon 
and gives evidence of the second (penultimate) interglacial period. In the 
majority of cases it is represented by a chernozyom, whose thickness 
varies from 110 to 175 cm, or, otherwise decidedly surpasses 100 cm. The 
modern chernozyom exceeding 100 cm in thickness, have been eliminated 
by the Ukranian pedologists ') into the subzone of »thick chernozyoms‘, 
the latter being located tothe north of the axis of the subtropical barome- 
trical maximum and characterising the humid Steppe. Therefore, the second 
fossil soil may be considered as a representative of a humid steppe of 
the second interglacial period. It has been observed not only to the 
north of the axis of the barometrical maximum, but also to the south of 
the latter, that is in the domain of the modern arid steppe (Odessa, 
Ekaterinoslav, northwards from Mariupol). It may be supposed that, if 
during the second interglacial period there existed on the territory of the 
Ukraina certain districts of arid steppes, they must have occupied relati- 
vely small areas. As to the northern part of the Ukraine, the second 
fossil soil is represented here by degraded and podzolised soils, denoting 
the former existence of an ancient ,forest-steppe“ zone (transitory between 
Steppe and forest). 

The third fossil soil, a contemporary of the first interglacial period, 
is fully identical with the second fossil soil. The latter fact leads to the 
conclusion that a humid steppe existed in the southern and  south- 
eastern Ukraina during the first and the second interglacial periods which 
was replaced by an arid steppe in the times of the last interglacial 
period. 

In has been already noted that an afflation of loessial dust took 
Place on the territory of the Ukraina during the periods of glaciation. 


*) Makhov ,,Pedology* (Gruntoznawstwo), 1925. 
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There has probably been an arid steppe, similar to that now existing in 
the Southern Ukraina, and it is the vegetation of that steppe that has 
retained the loessial dust; but the latter was so rapidly accumulating 
that the soil horizon had no time to be formed. 

Investigations carried out by the author showed that the development 
of the drainage system of the Ukraina, except that of its northern part, 
has been achieved to the beginning of the second glaciation and it is pos- 
sible that the fluvio-glacial streams of the advancing (second) glacier have 
participated in that process. 

The southwardly directed flow of the waters derived from the melt- 
ing of the second and third ice sheets has therefore been running 
length these fully developed river valleys; and that is the reason why, 
beginning with the times of the second glaciation, a series of geological 
moments in the Quarternary history of the country have left their imprints 
in these valleys. 

Within the river valleys, mainly along the left sides of the latter, 
terraces, strongly expressed in the general relief of the country, are to be 
observed. In the unglaciated region the terraces are composed of ancient 
river deposits and of the overlying loess horizons. Within the limits 
of the glaciated region the composition of the river terraces is some- 
what compli-cated by the presence of the moraine and of fluvio-glacial 
deposits. 

As a rule, the age of a river terrace is to be determined either by 
means of an analysis of the fresh-water fauna yielded by its deposits, or 
by its relations to the moraine. Unfortunately, the first, or palaeontological 
method, proves to be unsufficient, as the species of Planorbis Cyclas, 
Linnaea and others did not afford, in the majority of cases, the possi- 
bility of a precise determination of their age. The second method is satis- 
factory but if the river-valley comes within the limits of the glaciated 
region. There is, however, a third method, first proposed by W. D. Laska- 
riov as long ago as 1912 and systematised by the author during the 
years 1914—1926; this method consists in the determination of the age 
of river terraces by means of studying the loess horizons, of which they 
are composed. For that purpose deep pits were opened on smooth parts 
of the terraces, the pits being, if possible, sunk down to the level of the 
country rocks; if not, the uppermost portions of the ancient river deposits 
have been, at all events, exposed. The mentioned pits allowed to establish 
which of the loess horizons overlie the terrace, the statement serving as 
basis to the determination of the age of the terrace in question. If the 
terrace is covered by a single loess horizon (the first), the latter being 
contemporary of the last glaciation, it is evident that the river has begun 
to excavate its channel, i. e. to form the terrace scarp, at some time prior 
to the opening of the glacial period, namely, during the last interglacial 
epoch. If on the ancient river deposits underlying the first loess horizon, 


Fig. 3. Profile of the upper terrace of the 
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fossil soil has been formed, the latter 
being contemporary to the last intergla- 
cial epoch, the terrace must have arisen 
before the opening of that epoch that is 
at the close of the penultimate (third) 
glacial epoch. If the ancient river de- 
posits are covered by the first loess 
horizon and by the upper portion of the 
second one, the terrace has originated 
during the first half of the third glacia- 
tion, etc. It is to be noted that in apply- 
ing that kind of methodics, we are not 
determining the time during which the 
river deposits constituting the terrace 
have accumulated, but a later moment, 
namely that of the formation of the es- 
carpment of the terrace, that is the mo- 
ment of the origin of the terrace itself. 

Terraces pertaining to a number 
of Ukrainian rivers have been studied 
by means of the above described met- 
hod. 

The most ancient terraces proved 
to be those of the Dnieper and of the 
North Donets-rivers. 

A deep pit dopene on the upper 
terrace of the Dniester, near Tiraspol, 
Dniester near Tiraspol. exhibited the following sequence of strata 

(in descending order) (1) (see fig. 3). 
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. Modern soil and first loess horizon... . uote O— 324 cm. 
. Second loess horizon with the first fossil soil torund on 


ie Stisidce chee s - . « 2.) 824— 94554 


. Upper portion of the third loess horizon with the second 


fossil soil developed on its surface. . ..... . 945—1294 , 


. Fresh-water loess .. . . ». . .,. 12041010 , 
. Fine grained sand; in the appet arti: loamy sand. . 1710—1926 cm. 
. Stratified yellow sand ....-.+... > « «) « «© 1926—2052 4, 


. Coarse sand containing Dniester pebbles; as well as 


Vivipara diluviana and Corbicula flumi- 
EDs 84-2 a i eS ee Le ep . . . . 2052 and lower. 


The given pit allows to establish the following history of the Dnie- 


ster-terrace: the layers of coarse sand and pebbles containing Vivipara 
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diluviana and Corbicula fluminalis deposited by the ancient 
Dniester have been replaced by sandy deposits, further by loamy sands and 
finally by fresh-water loess. These data 
allow to give a jrather sharply outlined = 
sketch of a gradually lowering activity of 

the stream. The moment of deposition of 200 
the fresh-water loess signifies the date in 
which the Dniester has begun to excavate 400 
its channel, that is the date of the origin 
of the river-terrace. In correlating the third 
loess-horizon with the second glaciation, 
we must conclude that the moment of the 
development of the Dniester terrace must 
be referred to the first half of the second 
glaciation. 

A pit opened on the uppermost terrace 
of the North-Doniets, northwest of the town 
Slavianoborsk, proved that the named terrace 
is contemporary with the Dniester-terrace. 

The left-side terrace of the Oskol-river (left tributary of the North- 
Doniets), North-East of the town Isium, exhibited the following structure 


(fig. 4): 
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Fig. 4. Profile of the terrace of the 
river Oskol. 
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1. First horizon of loess with the modern soil ...... 0—545 cm. 
2. Upper portion of the second loess horizon with the first 
fossil soil formed upon its surface ......... 545—742 , 
3. Sandy-clayey river deposits. ..... evpioe Ing cote 742— 870 and 
lower. 


The section shows that the terrace began to be formed during the 
first ha lf of the third period of glaciation, since it is overlain by a portion 
of the second loess horizon, the latter being contemporaneous to the third 
glaciation. 

Near the mouth of the Dnieper there is an exceedingly broad ter- 
race, or rather a delta (see fig. 5). The structure of the latter has been 
disclosed by means of the opening of a pit. The results have been as 
follows (fig. 6): 


1. First loess horizon with modern soil developed on its 


PARCEL ce pei ee nl ee ee ee O—445 cm. 
2. River deposits consisting of sand and pebbles with the 

first fossil soil developed on their surface. ..... 445—609 , 
3. Tertiary limestone. .......- ONS ce ec vate Od 609 and 
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Referring the first fossil soil to the last interglacial period, we assume 
that the formation of the terrace occurred at the close of the third glacial 


period. 


a  —————— 


Fig. 5. Left terrace in the lower region of the Dnieper. 


The above-described terraces are situated in the unglaciated region. 
In order to characterise river-terraces pertaining to the glaciated region, 
we give a description of the terraces of the—Udai river, left tributary of 
the Sula-river. 20 verst east of the town 
SN ay Ae Priluki, on the left bank of the Udai- 
| river, one may observe three super- 
4 posed terraces: a lower, medium and 
an upper one: 
Our explorations showed that the 
lower terrace has originated from sandy 
river sediments. It is not covered by 
3 loess. Therefore, it must have arisen 
during Postglacial times. 

A pit, opened upon the medium 
terrace exposed the following horizons. 
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Fig. 6. Profile of the Dnieper terrace. 


1. First loess horizon with the modern soil deve- 
loped upon its surface. Beginning from 175 cm, 
minute interbeds of dune-sand are encountered in 
CSS a a rl el eee ee ee he eee ie 


————— SS — lr lle ees!” 


2. First loess horizon with a high amount ot sand 440—587 cm. 

3. Sand with small pebbles and rests of fresh- 
water shells (Unio and others) ......... 587 —620 and lower, 

In the given section the upper loess horizon is overlaying the ancient 
river deposits. Its sandy lower horizon shows that at the beginning of the 
deposition of the given loess horizon the development of the terrace has 
scarcely begun. It ensues that the age of the medium terrace is correspon- 
ding to the outbreak of the last glacial period. 

Unfortunately, deep pits have not been applied to the exploration of 
the upper terrace of the Udai-river, the author being forced to restrict his 
studies but to natural outcrops. The latter showed that the terrace is com- 
posed of the first loess horizon followed by the moraine and by fluvio- 
glacial deposits of the third glaciation, underlying the moraine. It ensues 
that the terrace has been formed by morainic and fluvioglacial deposits. 
During the retreat of the glacier the melting waters eroded the terrace 
scarp, giving thus rise to the terrace. Therefore the age of the given 
terrace is determined by the period of regress of the third glaciation. 

The above quoted facts give evidence as to the river terraces of the 
Ukraina having been formed during various periods of the Quaternary. 
The interesting fact of their connection with corresponding glacial periods 
(the second, third and fourth ones) is, however, noted. Attention is drawn 
upon the fact, that the youngest terraces pertain to the Postglacial age. 

Witnesses of Postglacial events are the dune- sands, rather 
largely developed along the left banks of most Ukrainian rivers. They 
exhibit interbeds of fossil soils, presenting a base to a subdivision of the 
dune-sands in a number of horizons and respectively, —to a differentia- 
tion of the main geological moments in the Postglacial period of the 


Ukraina. 
But to the discussion of that problem we propose to consecrate 


a separate paper. 
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Properties of the absorbing (colloidal) complex of Ukrainian 
loess, as a proof of its origin. 


Professor A. N. Sokolovsky. 


Loess represents one of the most interesting problems of geology, 
being also closely connected with a whole series of questions in the 
province of soil science. The question of the genesis and properties of 
this interesting deposit has been investigated in many geological, pedolo- 
gical and geographical works, but as yet no generalising theory has 
appeared which would include all cases of the formation of loess. The 
terminologies in which are used the terms: loess, loess-like formations, 
as against that which proves not to be loess, suffers from onesidedness, 
being based only on superficial indications especially on the texture, 
colour, the presence of tube-like pores, the content of carbonates, etc. 
Moreover, with changes in the tint of the material (in case of swamping: 
caused by ,gley“* formation), the variation of the content of carbonates 
(in case of leaching), this material generally will already not be related 
to loess, but to ,grey“, ,blueish-grey“*, etc., loams. 

Obviously, with this method, the purely superficial indications afford 
no chance of approaching the question of the origin of loess. 

As regards the attempts to account the chemical properties, the data 
on hand, being very elementary do not add anything to the purely 
geological characteristics; to these should also be referred the use of the 
method of bulk analysis for the determination of the quantities of SiO, 
Al,Oz, Fe,Oz, and other compounds, in loess, as well as the method of 
acid extracts, as one or another elementary chemical composition may 
belong alike to formations exceedingly different in properties and origin. 
Of more use in the present question may be the mechanical analysis, on 
condition that the very dispersed portion of loess is also taken into 
account (of 0,0001 mm., or at least that of 0,001 mm.), as well as the 
petrographical one, being however of little effect for very fine fractionso 
However, the texture, affording a chance to throw light on the question 
of how far the material at hand is sorted, still gives no possibility to 
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ascertain neither the factor, which effected this sorting, nor the conditions 
of the deposition of the material. The question becomes still more com- 
plicated in this that the properties and composition of the sediment in 
which we are interested, to a considerable degree also depend on the 
character of the formations which served as material to their development. 
It is natural, therefore, to consider the colloidal parts of loess and 
similar sediments and attempt to find in them if only some few indications 
for enlightening the question. 

Such an attempt was made by the author of this paper in 1916, 
when he tried to use the phenomenon of absorption in soils for character- 
ising the fundamental types of soil formations. 

At that time, for a series of soil types were determined the modifi- 
cations in the capacity of absorption along the soil profiles and likewise 
the difference in the composition of absorbed cations in the profile of 
different types of soil. 

The fundamental conclusion, which was then attained, was the 
establishment of the different degree of saturation in 
various portions (horizons, layers) of different soil formations. Each type 
of soil, as it appeared, possessed its specific modifications connected 
with separate horizons not only in its absorptive capacity and expelled 
cations but also as regards the degree of saturation. 

In determining saturation the capacity of absorption of the soil must 
be taken in consideration. 

The author suggested in cases of comparative determination the use 
of the quantity of absorbed ammonium NHy, as an estimate of this capacity. 
In that case, comparing the absorption of NH, and Ca” from equivalent 
solutions, the smaller part of the capacity of absorption is saturated 
the more absorption of Ca” by the soil will be witnessed and vice versa. 

Thus, the degree of saturation of the soil in relation to Ca” may be 
expressed by the fraction: 


absorption of NH, m-mol 
absorption of Ca” m-mol 
ry 


OF as: 
(absorption of NH", m-mol)—(absorption of Ca™ m-mol) 


2 . 100 


(absorption of NH, m-mol) 


If the absolute quantity of calcium-ion absorbed in the given soil, 
which corresponds to the calculated one, or to the coefficient of saturation 
be known, it is easy to find the value of the capacity of absorption 
of the soil in relation to calcium, in the following manner: 


the quantity of absorbed calcium 
coefficient of saturation = complete absorptive capacity of the soil in relation to Ca. 


a my NLP =P Ms 
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As is clearly seen from the data of Table } 
tities in the variation of the degre 
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be established. 
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n to Ca”, may 


is decreasing i. e€. in podzolised 
soils. 


she Series of figures, peculi 
displaying characteristic subsequen axima and m 

However as in the case of the presence of 
CaCO;, as shown by the author’ 


of the Capacity of 
absorption, by means of Bobko’s method (saturation of the soil with 
Ba’, and subsequent calculation thereof), anq also by that of Ge droiz 
(estimation of all absorbed catio 


were conducted by Miss E. W. Schlygin 
see table 2), | 
The result of these tests thus Proved that the divergencies between 
ded. 
o methods are so small that they may be left unhee 
"a Foe the other hand, there were cases in which soils uncompletely 
saturated with Ca‘, exhibited no acid reaction (no expelled H‘’) when 
treated with BaCl.. Such facts were 


ntal Agronomy for 1911), as well as in our laboratory (Experiment 
me 
by D. J. Siderich) for sam 


i to compare the loesses of diffe- 
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rent origin. As is and under changeable soil conditions ate! Bei 
Sg are “The following samples were analysed: 1) typica sayy 
dees “7 glee va district); 2) the same loess, in the course fe) = 
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fis: od ae 7 es room temperature; 3) stratified loess — ] ie 
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from Chapli-Askania Nova (Melitopol district); 6) loess-like loam from 
Kharkov, and finally samples from thick masses of loess near the river 
Orel and from a series of soil sections. 

From the tables annexed it may be seen that many samples of 
loesses exhibit exceedingly peculiar relation to their great reserves of 
CaCo3. Exactly this fact should have lead to the assumption that in rela- 
tion to Ca, a complete saturation of the colloidal complex would be here 
met with. However, the first experiments proved that more complicate and 
unexpected phenomena are occurring here. 

When the author attempted to estimate the quantity of absorbed Ca* 
in the loesses by applying the usual method of repeated subsequent 
treatments with a solution of NH,Cl, it appeared that if from the whole 
quantity of Ca** passed in solution was subtracted the part of calcium of 
carbonates, which was dissolved in the solution of NH,Cl, a negative 
quantity is obtained, this fact meaning that loess instead of separating 
its absorbed Ca™ energetically, absorbed the calcium-ion of its carbonates, 
passed in the solution. The data of the experiment are the following. 

With 10 gr of loess containing 10,05% CaCO, an attempt was made 
in a series of subsequent treatments of a sample with a 5,4 normal. solu- 
tion of NH,Cl, to expel the absorbed Ca. 


Quantity of decanted Quantity of Ca in | Quantity of Ca of Quantity of 
Soluti this solution after | carbonates dissol- 

OnEtiON. experiment. ved in the solution.| expelled Ca. 
a ee 
Ist Experiment 761 cm? 0,2344 gr. 0,2379 gr. 0,0035 gr. 
2nd Experiment 900 cm? 0,2472 gr. 0,2818 gr. 0,0346 gr. 


| 


Evidently as a result of the reaction between the loess and the 
solution of NH,Cl in this experiment, an energetic interaction occurred 
between its absorbing complex and its own carbonate of calcium—a reaction 
Which obviously during all the time of geological and soil existence of 
loess had not the possibility to be fulfilled. 

In consequence of this peculiarity of loesses the determination of their 
degree of saturation in relation to Ca** was conducted by the above related 
method. The data referring hereto are given in table 3. 

Very remarkable is the exceedingly low saturation of the loess absorbing 
complex in relation to Ca’; in this case a whole series of variations are 


Observed, which it may be of interest to compare with the data in 
table 1 1), 


a. . - ie 
*) It may be noted that fully corresponding with this fact is the sharp decrease of 


maa of absorbed Ca** observed in the lower portion of chernozyoms in comparison 
€ir upper horizons (determined by the method of one treatment with NH, solution). 


* 
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It is clearly seen that the variations in the degree of saturation of 
loesses in general lie within the same limits as those of typical soil 
profiles, beginning with a negative coefficient, which proves that besides 
the usual factor of saturation of the colloidal complex, some other factors 
specific for Ca** (purely chemical) are present here and reaching very high 
rate of coefficient (96%) in which case almost the whole absorptive Capacity 
is saturated with Ca”. 

It is evident from the tables attached (1 and 3), that in the upper 
horizons of modern soils, i. e. everywhere where a washing with soil 
solutions, rich in calcium occured, the saturation proves to be high, 
that as a rule the saturation decreases, when the process oflime leaching 
is further advanced, either as a result of degradation or of podzolisation, 
or as a consequence of formation of alkali soil and the replacing of Ca** by 
the Na-ion connected therewith. 

From the above it ensues necessarily that the hypothesis of the 
,Soil“ origin of loess advanced by Prof. L. S. Berg cannot be made use 
of for the explanation of the genesis of typical loess, as every soil process 
in such conditions, is accompanied by a rising and sinking of solutions 
rich in Ca, their interaction with the absorbing complex and, consequently 
a high saturation of the latter. 

The phenomenon observed in loess cannot be explained from this 
point of view, as well as by means of other hypotheses considering water 
as a factor of transportation and deposition of loess. Really we should 
have in that case the paradoxal fact of the co-existence of two constituents 
in the same deposit for many thousands of years, which had no possibility 
during this period of time to enter into mutual reaction. 

This removes from the field under review all the theories based on 
the interference of water; together with this the data produced confirms 
the assumption of Prof. Tutkovsky, and others, with reference to the dry. 
ness of the climate as well in the period of loess deposition as later on. 

In all places where loess is deposited partly by the action of water, 
or is subjected to the influence of the soil-process, the result of this 
interaction between the colloidal absorbing complex and the carbonates 
of the loess, is always a high saturation 1), 

Thus, the colloidal part of loess, at the great extent influenced by 
exterior conditions, offers us good indications concerning of the formation 
and life of this deposit, and makes it possible to observe such intimate 
modifications which cannot be touched by ordinary geological methods. 


1) As for instance in upper (top) layers (horisons) of chernozyom. 
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Depth Absorption | Absorption | Coeff. of | Absorption Absorption | Coeff. of | 
} saturation ¢ NH: of Cae saturation 
of NIT, XAT | Sat inp, €.1 _~ : Sat. in p.c. | 
(m.-mol.) (m.-mol.) | of capacity | (m.-mol.) (m.-mol.) | of capacity | 
0—1 oe Le a> an = wal 
0—6 = = - = hz am 
5,3 
0—8s Las rk : = 6,9 1,3 80/0 Ay 
ey en 3,3 3,0 Wo Ay — ~~ 
6—20 .... — — — _ “aaa "al 
10—20 . . _ — = Se a8 ale 
3,5 
20-28 .... — - _ 6,2 1,8 72015 *? 
20—30 * eller a — foes 02 “ia a 
7 a, Si 0,9 4,4 non” — — = 
26—34 .... — — _— _ _ bee 
30—40 .... — — _ ant oy. = 
20—50 .... — — = ps a ull 
42—S0 .. 6. _ _ <a ‘as ix aia 
a aS — = 7,5 2,2 70°%/o 
40-60 .... — = ran — a -- 
54—63 . 5,3 3,8 289/o as — 3.7 
70—78 .... — a — 7,9 2,2 72/0 B, 
Ne. - ~ — — — —{C- 
ye: cn os | _ 713 — i _ 
85—94 . 7,6 4,6 40 -- _ 55 
100—108. . — — le 7,9 1,4 80%/o 
117—126. . 6,1 3,9 aaa effervesc. | at. 144 cm. ry 
13 36°/0 12,3 
8—145.... — — = 8,6 0,7 92°/o oO 
142—150. . — — — _ _ a 
170—178 ; Bad 
er . a oF — 18) 8,5 0,8 91°%o0 = - 
wots... 6,6 3,7 ia a = — 
180-188... . _ aay s eS 59 eee 
207—215 . ae = — ‘Bc 94 1,5 Peau 
D ’ ft 
220—228 ... ce, -_— oni a? pat —_ S 
225234. 6,1 4,2 i a = i 
’ , 31%/oy . 
be ——_— “4 
: ‘) The values of absorption shown in relation to 100 gr. of soil correspond. 200 c. ¢. 0.1. 
‘. 2) All data expressed by calculation of carbonateless mass. 
‘> 
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Podzol (Moscow) 


ie 
Degree of saturation of soils of diffe ent 
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Forest loam (Poltava) 
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genetical types in relation to Ca™ '). 


E 


1. 


Absorption 


of NH, 


(m.-mol.) 


12,0 | 
—_— | 
effervesc. 
12,5 


of Ca* 


0.71 


at 42 cm. 


1,17 


Ordinary chernozyom (Poltava) 2) 


Absorption | Coeff. of 
saturation 
Sat. in p. c. 
(m.-mol.) | of capacity 


4 | | 0,18 


me 
wo 
A/C 


(m.-mol.) 


effervesc. 
8,9 


Normal solutions of NH,Cl and CaCly. 


at. 


Brown soil (Astrakhan) 


saturation 


Alkali soil (Poltava) 


of NH‘, 
(m.-mol.) | of capacity} (m.-mol.) 


of Ca" 
(m.-mol.) of capacity 


Absorption Absorption) Coeff. of | Absorption] Absorption) Coeff. of 
of NH, 


saturation 
Sat. inp. c. 


3,0 167 | 
7,1 16,0 0,44 A 
9,8 17,6 0,56 
11,8 18,0 0,66 

- aE: 0,72\B 
12,5 eee 

7 - 0,76 
11,8 15,5 31970 
ke % 0,76 

8,1 10,6 | 3q5qB/C 


a 
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Results of comparison between the methods after Gedroiz and after Sokolovski 
applied to the determination of the absorptive capacity of soils in relation to Ca”. 


i 
Capacity for the first 


Kg/Het of Ca” method com- 

Soils (the upper 20 cm.) LSS, TSE a ROT Pochette pared with 
Sokolovski Gedroiz average 
method method figures 


Podzolised soils of Moscow gvt. 


Localities: Kg/Het Kg/Hct 

GRMN Dg SS are gs 5056 5674 5365 +5,6 p.c. 
Be Pin Sook As Rul A eg ES | 6279 5962 — — 2,6 p.c. 
PI MEIGONG$ 6 eis 6164 5472 — — 5,9 p. ¢. 
pute Pate 22-2 oak, 2s 4464 4119 — —q pit 
Bogorodskoie . 5. 6 aos ews 4610 4220 -_ — 4,4 p.c. 
Dolgorudnaia . . a a ee 5343 5991 = +5,8 p. c. 
Peaty (64 p. c. of ignit. loss)... . 40176 42080 — “+2,3 p. c. 
Degraded chernozyom of Poltava 

oa ete RR lr rE a 16949 16791 _ — 0,47p. c. 


TAB UL & 1h. 


Degree of Saturation in different Loesses. 


~ 


Absorption | Absorption | Coefficient CO, of 


of of of 
NH‘, m-mol. | Ca* m-mol. | Saturation esis 
Andizhan Experimental Field. 
Loess from the depth of 100—150 cm. 4,5 1,5 3,0 — 
” ~ » » » 869—405 , 3,7 1,3 _2,7— = 
» = » » » 445—485 , 3,8 1,4 2,8 = 
Right bank of the river Berestova 
village Lebiazhye, Poltava gvt. 
Loess-like sediment from the depth 
of 319 cm. 12,6 1,5 8,4 ~ 
. * * » 639 , 11.9 6,5 1,8 — 
» » s » 746 a 13,2 7,3 1,8 a) 


al iS 


Absorption | Absorption | Coefficient CO, of 
of of of 


NH-, m-mol. | Ca m-mol. | Saturation Carbon 


Right bank of the river Psiol near 
Bogachka in Poltava gvt. 
Loess from the depth of . . 350 cm. 11,3 2,4 4,8 yaad 


Neighbourhood of Lubny. 
Loess under grey forest soils from 


the depth of 426 cm. 7,9 1,2 6,6 home 
Same place. 
Loess with small boulders from the 

depth of 639 cm. 5,4 3,9 1,4 _— 


Right bank of the river Orel near 
the village Riasskoie. 


Loess from the depth of 105 cm. 7,6 25 3,0 — 
‘ fhe hy Bt’ 176 ,, 7,2 11,0 0,65 5,37 
° a +s we =o 245 ,, 7,8 5,4 1,4 _ 
» a a 316 ,, 11,2 6,8 1,7 — 
” »  » =" 710 ,, 6,3 1,3 4,9 11,45 
z me + 780 ,, 6,8 2,1 “3,2 = 
. »  o# - 852 ,, 7,6 2,3 3,3 —_ 
: = © i a 926 , 7,6 2,9 3,0 _ 
» » » ios ae 1065 , 13,3 6,7 2,0 — 
Dikanka (Poltava gvt). 


Loess (under forest soils) from the 
depth of about. .... - . 420 cm. 7,7 0,3 25,0 sa 


Western part of Konstantinogradski 
district of Poltava gvt (divide). 


Loess from the depth of. . 180 cm. 11,4 5,3 2,2 5,27 
oO ee a Be Soe 11,8 7,5 1,6 4,42 
Eastern part of the same. 
Loess from the depth of. . 184 cm. 12,0 5,5 2,2 5,69 
Loess from the depth of . . 224 cm. 12,0 6,7 1,8 5,08 
Odessa Experimental Station. 
Loess of the l-st horizon ..... 13,4 5,5 2,4 — 
a ~ » ond horton... 1. . 9,2 4,0 2,3 ~ 
Piatikhatki in the district of Krivoi 
Rog. Layered loess ...-+-+.-s 3,8 4,2 0,9 _ 
Same place. 
Typicalloess from the depth of 200 cm. 16,4 5,1 3,2 - 
Same place another section. 
Loess from the depth of. 150 cm. 18,7 3,6 5,2 os 
Same place and section. 
Loess from the depth of . . 600 cm. 10,8 _ —_ teak 


Loess (with psum) from the 
degree tae x. See Ott, 20,4 — as x 


1) All samples highly effervescent with acids. 


The Fundamental Moments of the Genesis and Geography of loess 
soils of the Ukraina, and their relation to cartographical and 
agricultural work. 


G. Makhov. 


The territory of the Ukraina forms an interesting study of the ge- 
nesis and geography of chernozyoms, as the presence here of homogenous 
parent material in the form of aeolian loess exclusively, results in the 
different factors of soil formation being mainly affected by latitudinal and 
zonal modifications of climate, the latter connected with the orographical 
conditions and relief. 

The orographical peculiarity of the territory of the Ukraina with 
such considerable uplands as, for instance, the Volyn-Podolian elevation 
and the Donets Mountain Ridge on the one hand and the Dnieper and Tau- 
ride depressions on the other, leads to a series of natural coordinations 
as for instance: the distribution of climatic elements in accordance with 
the elevations of the area (3,20) and the direction of the slopes, and in 
connection with this—-the presence in the Ukraina of soil-botanical ver- 
tical sub-zones and separate soil facies and regions. 

The Ukrainian elevations, as a result of ancient tectonical processes 
are an example of considerable and, for a loess flat plain, quite extra- 
ordinary differences in altitude: thus, within the limits of the Donets Moun- 
tain Ridge, comparatively sharp declivities of 250-300 metres on a distance 
of only 15—20 kilometres are often met with; the Volyn-Podolian eleva- 
tion on the contrary do not descend very rapidly in the direction of the 
plains of Polessie in the north, and there is also a gradual slope down 
to the Black Sea. In the first instance (Donets basin) we have a rapid subse- 
quence of chernozyom subzones, and their repetition (inversion), whereas 
on the southern side of the Podolian elevation, the gradual sloping of the 
country merely strengthens and underlines the change in climate towards 
dryness, and therefore a rather sudden change of thick chernozyoms into 
ordinary ones may be observed, the latter being traced far down south 
covering the upper portions of the divides, and on the slopes rapidly 
going over into southern chernozyoms (21). 


Orography. 
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Photograph by Levenhaupt. 


Having the question of the genesis of the Ukrainian chernozyms in Age of the 
view, we must first of all fix the age of the soil covering of the loess soil cove- 
steppe. The upper loess horizon (22) originating from the last glacia- ring. 
a tion forms the parent material of our chernozyoms and therefore, the age 
ine of the Ukrainian chernozyom may be considered as being Post-glacial. 

Mi More ancient Ukrainian chernozyoms have been buried underneath the 
mae above mentioned loess horizon, the average thickness of which in different 
parts of Ukraina is about 2—3 metres (22,46). 

The first fossil soil of the loess plateaus always, found at 2—3 metres Fossil Soils. 
depth, represents a chernozyom of the ordinary (medium), and in some 
cases, most probably the southern type; the thickness of this first 
buried soil in all the places does not exceed 60—100 cm; these cherno- 
= zyoms were formed on a more sandy variety of loess (second loess ho- 
wy tizon), this being due to the formation of the latter during the one 
| before last (third) glaciation, which occupied a part of the Ukrainian ter- 
eam ritory; the immediate neighbourhood of the zone of deflation (fluvioglacial 
and sediments) accounts for a greater quantity of sand-content of the loess 
<2 horizon. In the region of the Dnieper glaciation the moraine wedges into 
ee the second loess horizon dividing it into two portions: the one over- 

; lying and the other underlying the moraine (9). 

. The fossil soils, formed over the second loess 

‘- the present forest steppe zones, are degraded, t 
aie that these soils were covered with forests durin 
=) period (32, 46, 22). 

a: The soils of the third and fourth loess horizons appear to be more 
thick (H = 110—175 cm), being therefore considered as soils of more : : 
humid steppes (11). € “ 

The first two loess- horizons are usually found to consist of a The loess. — 3 
yellowish Ioess with pores filled to a considerable extent with carbonate 
tubes and without any signs of the reprecipitation of R,O;. The two lower 
loess horizons consist of ,,chocolate* loess (name given by Nabokikh) 
catrying signs of ground moisture, throughout its whole mass; it has 
a dark brown colouring, contains small concretions of manganese and 
iron oxide in the form of ,shots*, druses of gypsum and of carbonates 
in the form of veins and oblong spots (along the sides of fissures). 
Vertical and oblique veins of the yellowish loess are most characteristic 
for the upper portion of the chocolate loess, (fissures formed on drying, 
filled with the overlying yellowish loess). 

The number of loess horizons is not the same everywhere; 
‘cases three, in other cases, only two horizons may be met with (Donets 
basin; Northern Ukraina). This is due to the washing off in areas of 
great erosion (Donets basin) and is altogether noticed in the Northern part 
of Ukraina, in the vicinity of the centres and causes of ancient ero- 


sion (22). 
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Vast regions, deprived of loess do not exist in the Ukraina; this is 
partly the case with the steep northern and southern slopes of the Donets 
Mountain Ridge, the highest points of which however, forming a ridge 
with table-like summits, have a loess coating (25). 

On the territory of the Ukraina the following varieties of loess must 
be differentiated (22, 11): 

1. The Northern, light-loamy loess consisting principally of powder- 
like quartz with a small amount of coarser (> 0,1 mm) sand, and colloi- 
dal clay; this loess has a light yellowish colouring, is porous, easily 
breaking in vertical aggregates and containing many carbonate tubes. 
It covers the region of the Dnieper ice-lobe and the surrounding country. 
To the West and East from the Dnieper ice-lobe and the Dnieper valley, 
this variety is very gradually replaced by the next one. 

2. Loamy loess of a slightly darker yellowish colouring, richin colloidal 
clay. To the South this variety is replaced by the next one. 

3. The Southern clayey loess, dark yellowish or brownish yellow 
has, on drying, a prismatic structure and contains at a 2—3 metres depth 
tubes and druses of gypsum. In the vicinity of the Black Sea the same 
loess-variety always contains manganese ,shots* is enriched and has a fair 
amount of chlorides and sulphates in the low coastal region (lower than 
45 met. over sea level). (11, 22). 

4. The sandy-loamy terrace loess consists of a loamy fundamental 
mass, greatly littered by local dune sands. The formation of this variety 
is connected with sediments of wind-blown sand in the river valley's 
regions, accumulated by local winds (Nabokikh). 

Besides the Donets Mountain Ridge, the slopes of the Podolian eleva- 
tions towards the Dniester are also partly deprived of loess; the upper 
Sarmatian limestones here reach the surface and take part in soil formation. 
The same absence of loess may be observed in the Berdiansk-Mariupol 
massif, where the chernozyoms are partly formed on the weathering pro- 
ducts of granite. As the remaining cases of other parent material, partici- 
pating in soil formation, relate to small territories (soils on sandy clay, 
Tertiary deposits in the Kharkov and Podolsk Governments, and on weather- 
ing products of granite in the Kiev Government), they will not be 
referred to. 

The loess part of the Ukraina is occupying five sixths of its territory, 
and as to the character of the soil formation, belongs only to the one 
steppe zone '). As to the climate this latter should be divided into 
two distinctly unlike parts: 

1) the humid north-western steppe and 

2) the arid south-eastern and southern one (with a subdivision into 
semi-arid and actually arid). 


1) See map of soil zones and provinces of the Ukraina at the end of the article. 


A definite boundary between these two parts can be drawn appro- 
ximately along the line: Kharkov-Poltava-Kremenchug-Zinovievsk-Balta. 
(see map Ne 1). With this line corresponds, according to Prof. Brownov, 
the axis of the sub-tropical barometrical maximum, and this line also 
forms the southern border of the forested watersheds as well as either 
the northern, or the southern border of quite a number of plants 
characteristic of the landscape (different kinds of feather - grass and 
such-like). 

The Ukrainian humid steppe could be subdivided into two 
latitudinal chernozyom sub-zones: (1) the subzone of the Northern cher- 
nozyom and (2) that of the thick chernozyoms. 

This subzone represents the mos 
zone. The average annual precipitation 
of the steppe is the most hydrophile in 
of the northern chernozyoms depend a 
material —this being here a light loamy no 
of the soils of this subzone were carried t 
logists, who accomplished the soil survey in accor 
the Zemstvos. Later on in the period of time fr 
chernozyoms underwent a more detailed study on 
stations and Agricultural Schools. 

We have but brief and unconnected information from different authors 
as to the vegetation of the subzone, since same is located in the region 
of old plough-land; such study could, therefore be carried on only on bits 
of virgin steppes remaining on ravine slopes and small hillocks. Of the 
greatest importance in this respect were the investigations on the subzone’s 
vegetation directed by J. Sprygin (38) who ascertained in the southern part 
of the Chernigov Government a territorial predomination of the meadow 
with Festuca rubra and the transitional steppe meadow with Festuca sulcata, 
plant associations, forming the border line between steppe and meadow. 
The vegetation is naturally not uniform here; the slopes of different expo- 
sition are characterised either by a predomination of the first or of the 
second association. Thus, according to the same author, only over the 
southern slopes the more arid typical steppe-association could be observed 
with Koeleria gracilis Pers. and Festuca sulcata Hackel, whereas the northern 
were always covered with a meadow vegetation (Anthoxantum odoratum 
L. etc.). As a matter of course the meadow associations were bound to 
predominate on the territory of the vast ancient Dnieper terrace; it is here 
that atmospheric moisture precipitation to a very large extent, percolates 
through the soil in conditions of plains without outlet. The plateaus of 
the same subzone on the right bank of the river Dnieper are somewhat 
dissected, but the quantity of atmospherical precipitation is greater here 
(up to 600 mm) and the temperature lower, on account of the consi- 
derable height of the locality. 
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All these conditions resulted here in the formation of chernozyoms, 
poor in humus, with a thickness of horizons H, coming up to only 
70—75'mm notwithstanding a very sandy loess; although this thickness is 
in many cases exaggerated by the results of the activity of rodents, and 
accounts for the impression made that these chernozyoms are poor in 
humus, grey coloured, but pretty thick, since their colour although spot- 
ted usually penetrates right down to 100 cm (21). 

The variety of northern chernozyoms containing little humus (31/2 p.c.) 
in whose formation the meadow vegetation undoubtedly played a part 
show the following morphological features: 

The section is made by the author on the field of the Nosovka 
Agricultural Experimental Station. The macrorelief—a plateau situated 
128 met. above sea level. Microrelief—a smooth district at a considerable 
distance from depressions and slopes. 

O—30cm. humus horizon, H; !) without any structure, in the ploughed 
and with a platy structure in the sub-ploughed part. Grey coloured, the 
surfaces of the plates and the clods when broken, are powdered with a 
washed fine quartz sand. 

30—90 cm. transitional horizon, grey in the upper H, and brownish-grey 
in the lower part Hs. With a structure in loose clods at the depth of 30—60 cm. 
deeper than 60cm. a slight brownish shade is noticeable. Effervescence 
depth ranging from 75 to 78 cm. 

99 — 180 cm. horizon of the burrowed loess L,; of a mottled colouring, 
Carbonates in form of mouldiness at a depth 90—145 cm. principally on 
the sides of burrows. Deeper still an almost pure loess with carbonate 
tubes. 

On higher and more dissected plateaus of the subzone, the cherno- 
zyoms contain a little more humus (5 p. c.) and the carbonates are met 
with at a smaller depth. 

The morphological features of the northern chernozyoms, mentioned 
in the above description, have been confirmed by all investigators of the 
Chernigov Government. F. Savarensky, (40) commenting on Niezhin cherno- 
zyoms, points out to their very fine powder-like texture, the absence 
in them of clear granular structure and the platy structure in the sub- 
ploughed part of the horizon H,. 

»Outward indications of the degradation in these chernozyoms are 
not always evident“ says the same author. We are of the opinion that 
the degradation of soils is in itself a secondary phenomenon, i. e. that 
the former phase of degraded soils must differ from the present one; 


1) The pedologists of the Ukraina (D. Vilensky, W. Krokos, G. Makhov, and 
others) have adopted the letter symbol system in describing soil horizons, which letters 
correspond wilh the latin names of same (H—humosus; I—illuvialis etc.). For the loess 
mass and its horizons L, to L, is used, for buried soil F. 
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there are no signs of a previously strongly expressed ,chernozyom* type 
(formed in conditions of more arid steppes) in the northern chernozyoms; 
we are also not able to trace any differentiation of the profile into eluvial (E) 
and illuvial (I) horizons (with the exception of that of carbonate accumula- 
tion) typical of degraded chernozyoms. The northern chernozyoms 
should be considered a climatic subtype of the regular 
chernozyom type, developed in conditions of more 
hydrophilous steppes. 

The characteristic features of the morphology of northern cherno- 
zyoms are met with all over the territory of the subzone; below we give 
a description of the profile of the chernozyom on the field of the Mironov 
Experimental Station: 

0—30cm. a dark grey humus horizon, H, slightly granular in the 
subploughed part. Powdered. 

30 — 80cm. the transitional humus coloured horizon may be divided 
into two subhorizons: H.-30—55 cm. of brownish-grey colouring, with 
a structure in clods, partly with coarse granules (not well defined). 
H;-55 — 80 cm. of a yellowish, grey colouring containing carbonates in 
form of mouldiness, which rise up to 45 cm., greatly burrowed by 
deeper than 80 cm.—a burrowed loess of a dirty yellow colour, 
totally covered with burrows. The humus content in the Mironov 
chernozyoms averages from 5 to 5!/2 p. c. 

The above described two types of northern chernozyoms, although 
in different territorial conditions, have been met sidh on the left as well 
as on the right bank of the river Dnieper. 

Quite peculiar is Prof. Gedroiz’s opinion on the subject of the Prof. Ged- 
genesis of northern chernozyoms; he considers that the soils of this‘!Stheory. 
subtype spread over the district of the former Dnieper glaciation, have at 
one time been alkaline; referring for instance to the peculiarities of 
the chernozyoms of the Nosovka Experimental Station (the morphological 
description of the leached variety of this subtype, was given above). Prof. 
Gedroiz says that ,these soils originate from light, loamy alkaline soils 
by means of their degradation*. This author is basing his opinion on 
the observation of the subsiding humus content (3!/2 p. c.) of the No- 
sovka soils, explained according to him, by the removal of the easily mobile 
part of the humus (humates of sodium) (6,4). 

Ascertaining the presence of alkaline soils in the mentioned district, 
Prof. Gedroiz thinks that at one time the whole of the soil covering 
of the region of the Dnieper contained to some extent sodium 
salts. The following lowering of salt content, however, caused a degrada- 
tion of these soils, hardly affecting the mineral part of them, owing to it 
being carbonaceous. Besides causing a lowering of the humus content 
this process produced the following peculiarities of the soils: a partial 
destruction of the absorption complex (mainly in its humic part) and 
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thereby an impoverishment of the soil in sticky colloids, resulting in the 
absence of cementation and microstructure. 
As we have already pointed out (21, 29) this theory of Prof. Gedroiz 
could be applied to soils over definite orographical elements of the region 
i. e. to soils of the second and third terraces of the river Dnieper region, 
with at one time near lying ground water. There is no reason however to 
extend this view on the whole region of the Dnieper glaciation. The 
borders of the ancient Dnieper terraces are shown on fig. Ne 1, they are 
at the same time the borders of the salines—alkali soil region of the 
middle Dnieper. ; 
The glaciation region is far from being uniform as regards the alti- 
tude; thus a mere glance at its orographical peculiarities makes one 
dismiss the idea of a previous presence of salts in the deposits of the 
whole territory. : 
The provin- The soil covering of the northern chernozyom’s subzone, 1S not 
ces of the uniform over the whole territory, and its peculiarities permit to divide 
northern this subzone into two provinces: 1. the more elevated Kievo-Volynian 
chernozyom. i ; : : ; lief in 
province, on the right bank of the Dnieper, showing a dissected relle 
places. The chernozyom of this province is characterised by a big quantity of 
carbonate mouldiness in the transitional part of the horizon always 
beautifully represented in the form of a thick cover of carbonates. All the 
soil investigators of this region mention this horizon of carbonate-mould. 
The second province is found on the left bank of the Dnieper, 
where the well developed very fine network of carbonates is not always 
met with, being frequently replaced by weak efflorescences of carbonates. 
According to Prof. Nabokikh, the formation of the carbonate mould is 
brought into life under conditions of a slow evaporation of moisture, contrary 
to the flour-like accumulation of the ,white eye“ (bieloglzska) *), PfectP® 
tated with the rapid absorption of moisture by the vegetation 1™ drier 
climates. Our opinion is that the considerable formation of mould in the 
Western part of the subzone may be explained by the following process: 
the spring waters and the atmospherical precipitation in the early summer, 
at a relatively low temperature, to a great extent (in dependence on the 
relief) penetrate into the lower horizons of the soil and subsoil, where 
they form, at a depth ranging from 2—3 metres, usually above the horizon 
of the first buried soil, a temporary water-table, called the »high- 
water“ (,Verkhovodka‘). This water capilarly rises to the transitional 
horizon and is then slowly used up by the vegetation, or is evaporated 
in the empty spaces of the porous horizon H3. 
The abundance of carbonate mould in the soil and subsoil horizons 
of the subzone on the right bank points out to their excessive moisture 
corresponding to the big quantity of precipitation and the lower tempe- 


1) Small soft white concretions. 
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rature prevailing on the right bank of the Dnieper. On the lower lying Bh. 
left bank, in the region of ancient river terraces another phenomenon is 
met with: the ground waters here are found 3—5 metres deep, and — 
capilarly rising come up to the subsoil horizons, (M) whereby at a depth 
of 1—2'/2 meters from the surface, they build a carbonaceous horizon 
in the form of a whitish layer in loess, completely filled with tubes and 
ae. veins of carbonates (29). 

_ The soilcom- The soil covering of this subzone, as is always the case with 


plex of iti 

am "alas loess steppe, and also under different climatic conditions, is to a high 
" chernozyom Tegtee complex: this is due to an uneven welll, “Smee yee Ae 
 subzone. shallow round basins and siopes to them from one side (microcomplex) 
ae as regards the countries of 


ae and to very gentle slopes of different positions apt aad oe 
the world and the direction of the dominating winds, from the other > 


(macrocomplex). The components of this complex are: ar ae Con | 
taining 4—5 p. c. humus, and effervescing 40 —60 TE! eee 
zyoms with a still shallower effervescence on small elevations of the relief, 
and between hardly noticeable depressions, alkaline carbonate chernozyoms 
over the lower parts of slopes with high ground water-table, strongly pod- 
zolised soils over the bottoms of small deep valleys, podzolised to a great 
depth; dark coloured soils over the lower parts of slopes to such valleys, 
leached chernozyoms over the upper parts of these slopes, as well as 
chernozyoms over slopes of different position as to the countries of the 
world and dominating winds, the former, as regards their fundamental 
structure, reflecting the features of a more moist or a more dry micro- 
climate respectively. The phenomenon of the complexity of chernozyom 
we must therefore divide into two categories: macro-complexity 
brought into life by the presence of topographic and climatic macro-com- 
plex (elements of relief of different climatic position) and micro-com- 
big plexity of the chernozyom zone’s soils, depending on conditions of 
Fs microrelief and micro-climate. The soil micro-complex as a whole is 
e one of the components of the chernozyom macro-complex. 

SN As to the reasons on which the northern border of the subzones é 
oF is depending, the disappearance of the loess cover and its replacement = 
<a by fluvio-glacial sediments in most cases of a sandy nature is first of 
all to be mentioned. Here the loess chernozyoms are being rapidly 
replaced by sandy and sandy-loamy podzolised soils of the forest zone of 
= the Ukrainian Polessie (22). 

Be tnics The next latitudinal subzone will be the subzone of ae 
Seiitaozyom, nozyom. The characteristic features of these chernozyoms 4S compared tO Fee i 
ig the previous ones are due to two factors of soil formation: the climate and - 

| the Parent rock. The loess, forming this chernozyom, contains more clayey 
Particles than the previously mentioned one, in connection with the 
general increase southward of the clay content in loess (from the ter- 
ritory of the Dnieper glaciation) as well as to the West and East of the 
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the thick cher- 


Dnieper river valley (the influence of the wind-blown sand in the Dnie- 
per valley). 

The climatic modifications in the subzone, differ on the right and 
left bank respectively and in general consist of the following: the right 
bank (within the limits of the subzone) forms an elevated region, gradually 
lowering down to the Dnieper valley, though still remaining rather high 
(about 200 metres); the left bank on the other hand, is occupied by the 
Dnieper depression which only in the eastern direction goes over into 
slightly uplifted spurs of the Central Russian elevation. This accounts for 
the right bank being considerably more humid than the left one and the 
southern border of the subzone on the right bank, therefore lies much 
more to the south. The subzone of the thick chernozyom in the Ukraina 
(considering its orography and climate) is rather wide, bordering in the 
north with the subzone of the northern chernozyom and disappearing in 
the south in the region of the barometrical maximum axis. In connection 
with the vastness of the subzone, its territory undergoes visible latitudinal 
changes in climate, thus a difference in the northern and southern 
varieties of the thick chernozyoms is noticeable. In order to give a charac- 
teristics of the first variety, a description of this chernozyom’s profile opened 
on the plateau of the Sumy Experimental Agricultural Station, in the 
North-Eastern corner of the subzone, is given below: 

O—45 cm. darkish grey coloured humus horizon (H;) of granular 
structure, however without well formed granules, with an admixture of 
powder-like particles, with whity spots here and there (SiO»). 

_ 45 —133 cm. transitional horizon, as regards the humus colourings 
easily breaking into loose vertical aggregates of an irregular form (of loose 
columnar structure). The subhorisons H, = 45 — 78cm. and H; =75—133 cm. 
faintly visible as to their colouring. Beginning with 74cm. a slight carbo- 
nate mould is being met with, effervescing from the depth of 59 cm. 

133— 210 cm yellowish burrowed loess with carbonate tubes (L). 

This section is typical of the elevated part of the left bank subzone, 
With the lowering of the locality towards the river Dnieper in the 
region of its ancient terraces however, the chernozyoms become 
more sandy, contain less humus, the granular structure gradually dying 
away, unnoticeable in the sandy loamy varieties. The thick chernozyoms 
of the right bank of the Dnieper are somewhat more clayey (owing to 
the modification of loess) and in the north western part of the subzone 
show a presence of a horizon containing a big quantity of carbonate 
mould. 

In order to give a characteristic of the southern variety of the 
thick chernozyom, the description of a profile opened on the plateau of the 
experimental field of the Kharkov Regional Experimental Station follows: 

0— 40cm. humus dark-grey horizon, in the ploughed part in compact 
clods; in the sub-ploughed part somewhat darker, of fine granular structure, 
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which is going over into granular and coarse granular structure at a depth 
of 38 cm. The granules are solid and regular in shape. Effervescence 
at a depth of 35 cm. 
40 — 110 cm. transitional horizon, as regards humus colouring, gra- 
dually becoming lighter, changing from dark-grey to yellowish grey colour. 
Of a loose nutty structure (40—75 cm.), (oblong clods from 10 to 15 mm.), 
below (75 — 110 cm.) the structure becomes loosely columnar, carbonate efflo- 
rescences can be found beginning with 35cm. (in places) and with 40cm. 
everywhere. The biggest number of efflorescence at a depth ranging from 
.: 90 —80 cm. Mostly burrowed at a depth ranging from 80 — 110 cm. 
: 110 —210 cm. —clayey, porous, light chocolate coloured loess with 
: scarce carbonate tubes. 
The quantity of humus in the thick chernozyoms comes in the nor- 
; thern variety of it up to 5—6p. c. and in the southern—up to 6—7 p. ¢. 
7 The most characteristic features of this subtype are: a considerable 
thickness on the plateau (up to 150cm.), carbonates in the transitional hori- 
zon in the form of mould or efflorescence, granular structure, slightly pro- 
nounced in the North and strongly so in the South. The modifications 
of this subtype in connection with conditions of macro- and micro-relief 
have been fully investigated in many places. As an example a description 
4 of the chernozyom of the Kharkov Regional Experimental Station, inves- 
se tigated in 1924 is presented here. 
) The soils of This station is situated on the thick Ukrainian chernozyom sub- 
Ee Kharkov zone’s southern border. Thus the soil of this station, as to its morpho- 


Re REE 
Sen” logical features comes under the southern variety of this particular 


Experimen. Chernozyom. 
tal Station. The parent material of the chernozyom is here loess (L,), with a small 


admixture of dune sands; this being due to the position of the station on 
’ the left bank of the river Nemyshl, a left tributary of the river Kharkov. 
As a rule quartz granules of dune sands are admixed to the left bank 
loess, forming small sandy layers and lentils. 

The loess on which the chernozyom of this station has been formed, 
belongs to the clayey chocolate-yellowish variety of this sediment. The 
fact that this clayey sediment contains coarse granules, which at times 
also appear on the surface of the soil and along the roads, as a result 
of washing off and dispersion by wind of small particles, gives at first 
glance an impression of the soil being sandy; in reality such an admixture 
of sand is in these cases absolutely insignificant. 

This station’s chernozyom is not uniform for the whole territory 
of the district but forms an orderly subsequence of topographical 
and microclimatical variations. The first mentioned differ by a series 
of characteristic features. Thus the thickness of humus horizons H, which 
in case of smooth and elevated parts of the district comes up to 110 cm. 
and is falling on slopes down to 75—90 cm. 


, 
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The depth of carbonate-accumulation determined by means of defi- 
nition of the effervescence is not always the same depending on 
the character of the relief: the chernozyoms of smooth uplands are 
beginning to effervesce on the depth ranging from 35 —40cm.; on the 
Western and North-Western slopes, however, the same is at 55—70 cm. 
Furthermore the soils of undulating depressions along slope-lines and small 
crests are effervescing on the depth ranging from 75 —100 cm. In the 
valley crossing the area from South-East to North-West the effervescence 
depth following the deepening and the development of the valley falls 
to 90 —185 cm. 

Some elements of the slope’s relief give a reverse picture: thus on 
the small and hardly noticeable elevation on the slopes the effervescence 
depth comes up to 25— 35 cm. 

The microclimatical varieties of the chernozyom point out to some 
peculiarities of the water regime in the soils over slopes, differently orien- 
tated as regards the countries of the world. The Southern slope cherno- 
zyoms with an effervescence depth at 45cm. show a slightly developed 
layer of brownish loess with ,bieloglazka“ (the ,white eye“) (110—180 cm.). 
The soils of Western and Northern slopes show an absence of the ,white 
eye“ spots, which when found are isolated, the brownish colouring of the 
horizon in their vicinity being either quite unobserved or met with in the 
form of separate spots. Thus the chernozyoms of the Southern slopes belong 
to the drier varieties in comparison to the others, since the loess layer with 
,bieloglazka* is characteristic of the more Southern subzone. The other 
forms of carbonates in this station’s chernozyoms are efflorescences 
and ,carbonate tubes‘. The white efflorescences of carbonates are found in 
the loose transitional horizon, mostly on the sides of burrows, fissures, 
along the channels and holes of worms, along the passages of roots and 
on the surfaces of structural elements. The development of the efflores- 
cences in these soils is low and they are usually concentrated just under 
the effervescence line penetrating into the subsoil layers only at places 
most burrowed. Carbonate tubes in pure loess (in its deeper layers) are 
exceedingly rare (in the given region) but are visibly concentrated at 
a depth ranging from 100—180 cm., i. e. in the lower part of the 
burrowed horizon and in the underlying horizon of the loess. This fact 
in connection with a certain lowering (55— 70cm.) of the effervescence 
depth, points out to an illuvial horizon of carbonate accumulation in soils 
of that station(C). In the soils of small depressions as also in the case of 
the already mentioned valley, the processes of leaching of carbonates out 
of the upper horizons, lead to their accumulation at a greater depth 
(100 cm.) and thereby to a certain mobility of the colloidal complex. 
In such soils a development of a slightly compact horizon (above the 
effervescence level) is being noticed, sticky when moist and of prismatic 
structure when dry. Such deeply effervescing chernozyoms 
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have always a considerable thickness (90 —100 cm.) due to the penetra- 
tion of a certain part of colloidal humus into the deeper horizons. They 
are however also characterised by the development of the already men- 
tioned thin horizon (10—15 cm.) deprived of humus and carbonates, 
generally at a depth ranging from 90 to 110cm.; furthermore this horizon 
is compact and has a reddish-brown colouring. Spots of such soils have 
also been found in the northern half of the field. The soils of the valley 
= cutting the north-eastern part of the field, especially in the deepest part 
of it, already present considerable peculiarities, showing a powerful deve- 
lopment of the reddish-brown horizon on a depth ranging from 80 
4 to 185 cm. 
The distribu- The distribution of humus in the soils of the field is as follows: 
tion of hu- in the more elevated and smooth parts of the field the humus content 
_ mus: comes to an average of 6 p. c. showing a slight fluctuation between 5,8 
and 6,1 p. c. The same distribution is noticed on the southern and 
the western slopes of the field. The smallest quantity of humus (5—5,3 p. c.) 
is found in the somewhat more sandy chernozyom of the south-western 
corner. As a rule soils of slopes with an effervescing level lying higher 
than 35 cm. show a lower humus content (5,2—5,4 p. c.), which fact may 
be considered as a proof of a certain eluvial process taking place in them. 
Soils of a great effervescent depth with wellformed redbrown horizons 
and without any deluvial processes from more elevated places, show 
a lower humus content (5,4 p. c.). 
Thus the plots of the Field Department of the station present a com- 
plex of topographical and microclimatical variations of the southern variety 
of the thick chernozyom. 
; Botanical data on hand (16) prove the Ukrainian chernozyom to be 
a subtype of the humid steppe, which could be called the ,Steppa latifo- 
lio-garminea florida “. The features of the humid steppes gradually die 


PS down towards the southern border of the subzone, this change of humid 
| ae steppe into a semi-arid one taking place more rapidly in the area of the 
| oe Dnieper valley. 

Degraded fo- In the humid Ukrainian steppes, a settlement of deciduous forests took 


é ores place as a secondary phenomenon as to time. It would be more natural to 


pes, SUppose that the forests were invading from the Northern forested region 
| of the Ukraina presenting a moraine-outwash plain; some of the Ukrainian 
ie forest groups, however, may be explained by conditions of the orography, 
a Climate and water regime of the humid steppe. Prof. Nabokikh, as a 
result of his investigations in the Podolian government, came to the 
conclusion that the forests were moving along the right banks of 


even the loess soils of Podolia were originally covered with forests. This 
opinion was founded on the fact that the loess soils of Podolia appear very 
much podzolised and light in colour, with a low humus content (1 —1'/2 p. ¢.). 


Ukrainian rivers, from the districts of Bessarabia, deprived of loess, and that 
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The Podol-Volynian elevations, principally in the region of the Dniester are 
in themselves, according to the works J. Paczoski, a centre of preservation of 
the residual Tertiary forests and at the same time a region from where the 
forests in Post glacial period started the invasion on the loess steppe of the 
Dnieper right bank. Further soil investigations on the right bank and closer 
study of the data on Ukrainian soils proved the dependence between the distri- 
bution of oak-elm forests and the peculiarities of soil and subsoil of the right 
bank. The narrow region of degraded soils on the border-line between 
chernozyom steppes and the podzolised soils zone, i. e- a sort of inde- 
pendent climatic zone of soils, secondary podzolised, usually marked on 
soil maps of the territory of the European part of the Union,—appeared 
not to exist in the Ukraina; it is just here that with a climate sufficiently 
moist to enable forest growth, the soil and subsoils over plains frequently 
without outlet, are subjected to ,gley“ *) processes and to salt accumu- 
lation in subsoil horizons. When looking at a soil map of the Ukraina 
one notices at once that the forests in the region of humid steppe have 
moved past the lower lying loess left banks of the rivers Dnieper, Desna 
and Ross. The route taken by the oak-elm forests from the Podolian 
elevation towards the bank of the river Dnieper passed over heights of 
200—250 metres, whereas the flat chernozyom steppe lying only 150 met- 
res high in the Kiev government along the northern border of the loess 
zone, remained nearly totally deprived of forests. Here the unde- 
graded chernozyoms on loess and the sandy-loamy podzolised soils as well 
as the loose coarse sands of the moraine outwash plains may be found 
in close contact (46, 20). 


According to the newest soil-botanical investigations (42, 25, 15)The centres 
two more centres of ancient forest growth must be marked in the of forest 
Ukraina, in addition to the Podolian one. One of them is the high bank 8Towth in 


of the river Severny-Donets and the surrounding parts of the divides 
between the rivers Severny-Donets and Lopanj-Mozh. The other isolated 
centre of an ancient forest settlement form the upper part of the slopes 
of the Donets Ridge on the left bank with beginnings of the ancient 
ravines on them, the latter at one time being primary faulting-fissures. 
The Donets Ridge region is lying southward from the zone of the 
humid steppes and is surrounded by semi-arid steppes. On the highest 
points of these mountains however, on their tablelike summits, a zone of 
a relatively humid steppe once more is being met with, which could be 
characterised as a Steppa festucaceo-stipacea florida, with certain features 
of a still more northern steppe. Here in the humid steppe region of these 
mountains or may be a little lower (as to altitude) we come across small 
ravine-forests (in valleys and on slopes), usually on sandy and sandy-loamy 


1) Term used for soils and rocks in anaerobic conditions containing ferro-salts 
gradually leached out. 


the Ukraina. 
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podzolised soils (primary podzolised soils) formed on the products of weather- 
ing of Carboniferous sandstones. In the Post-glacial period, the forests, 
covering the ancient valleys of these mountainous region, began their invasion 
towards the loess steppe; however the southern position of the mountains, 
the dominating of easterlies and less favourable conditions of the water- 
regime on the plateau, were the cause that vast groups of forest on 
divides were not formed here. Forests on loess soils have been met 
with (in 1925) only over slopes and outskirts of the plateau. (Mius 
forestry and others). The above mentioned soils belong to the type of 
degraded chernozyoms and dark-grey forest soils; however the pioneering 
parts of the forest, border shrubs and apart lying groups of trees fre- 
quently may be found on undegraded chernozyom; this last fact points out 
to a gradual development of the forest on loess soil still taking place, 
although at a very slow rate, most probably due to the above mentioned 
unfavourable conditions of the water-regime and climate on the divides. 
meen s orested Referring to the characteristics of the humid steppe of the Ukraina 
= tye and the advance of forests on its territory, it must be pointed out that 
bank of the the forest steppe zone on the right bank of the river Dnieper, owing to 
‘Dnieper, its orographical and climatical distinctions, is totally unlike the same on 
; the left bank of that river. 
The most uplifted and humid part of the forest steppe on the right 
bank at one time underwent an almost complete invasion by forests. 
A vast area is covered here by light-grey and grey forest soils with a 
border of degraded chernozyoms around it. 
The gradual advance of oak-elm forests along the spurs of the 
Podolian heights towards the Dnieper and southward, took place in full 
accordance with the elevations of the area; therefore, owing to a great 
diversity of orographical conditions, quite a mosaic distribution of the 
soil-varieties can be observed. Small spots of grey forest soils may be 
seen together with undegraded chernozyoms, whereas in other places 
irregular districts of chernozyoms untouched by forest, are encircled by 
grey forest soils. 
ees The soil-covering of the left bank forest-steppes of the Ukraina has 
the left OE, totally different character: on the general back-ground formed by thick 
of the Dnie. CHernozyoms, dark grey (rarely grey) forest soils are found along the ele- 
per. Vated right banks of the rivers; these soils are usually followed (in the 
direction of the chernozyom steppe) by degraded chernozyoms covering 
a small area. Forests are here very slightly developed on the watersheds 
and vast groups of forests could be found only on the highest and most 
dissected regions (Akhtyrsko-Lebedinsky and Kharkovo-Valkovsky regions). 
eater To the south of the axis-line of the barometrical subtropical maxi- 
S iiare Zo. mum, that is approximately to the south of the line Kharkovo-Poltava- 
pes sah: Kremenchug-Zinovievsk-Pervomaisk-Balta, we enter the area of the ,semi- 
arid“ steppe, which as regards its soil, forms a subzone of medium (ordi- 


= The medium 


nary) or medium in thickness, chernozyoms, containing 7 to 8 p. c. of 
humus (at least the varieties, covering smooth uplands). 

The axis of the barometrical sub-tropical maximum divides the whole 
of the Ukraina, as already stated, into two principal climatical zones, one 
of the humid and the other of the drier steppe. The distribution of 
climatical elements being distinguished by a certain steadiness with 
relatively small range of fluctuations; moist western winds are pre-domi- 
nating; in the more drier south-eastern Ukrainian steppe the climate is, 
affected by predominating easterlies and characterised by rapid modifica- 
tions in the distribution of climatical elements in time. 


The subzone of the medium (ordinary) chernozyom occupies the The mor- 


northern and north-eastern part of Ukraina, as well as the greater part of 
its dry steppes. From a morphological point of view this chernozyom is 
characterised by an intensive dark colouring of the humus horizon (Hj), 
a medium thickness (H = 80—90cm.) and by the presence of carbonates 
in two forms: faintly expressed and scarce efflorescences and , bieloglazka“, 

Brownish compact horizons of carbonates accumulation with a chain 
of ,white eyes‘ have not been observed in medium chernozyoms over 
plateaus; only small concretions sometimes indurated are unevenly distri- 
buted all over the subsoil. On the southern slopes, where the heating is 
greater, and on the south-eastern, affected by dry winds, soils characteri- 
sed by a compact horizon of loess with ,bieloglazka* and less thick ho- 
rizons (H=70—80 cm), can be encountered. The medium chernozyoms 
are formed on loamy and clayey loess and have a well expressed structure; 
in virgin soils a very fine granular structure can be witnessed immedia- 
tely under the turf. At greater depth the structure is becoming granular 
and coarse granular; the transitional horizon of the chernozyoms is divided 
in vertically orientated oblong aggregates (columnar structure); when this 
horizon is devoid of carbonates on slopes and in shallow valleys, the 
structure becomes prismatic. 

As an example of the characteristic features of the morphology of 
the medium Ukrainian chernozyoms, a description of a profile is given 
below: Western part of the Artemovsky district (right bank of river To- 
retz, plateau). 

0—42 cm. humus horizon of an intensively dark grey colouring, 
with a well expressed granular structure in the unploughed part of it 
(20—42 cm.). Very gradually going over into the next horizon. 

4290 cm. darkish-grey in the upper part (H,—=42—62 cm.); gradually 
becoming lighter and at a depth of 90 cm going over into a dirty-yello- 
wish loess. 

_ Effervescence at a depth of 40 cm. Efflorescences of carbonates begin- 
ning with 62 cm. This horizon is considerably burrowed. 

90—130cm. dirty dark-yellowish loess with rare, slightly indurated 

»white eyes“ of carbonates; groups of carbonate tubes. Below 130 cm. the 


packs tislediapell (M) 
ordinary (medium) chermozyom (0). 
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Photograph by Levenhaupt. 


»white eye“ disappears, the loess is purer, and groups of carbonate tubes 


are scarce. 
The subzone of the medium (ordinary) chernozyom of the Ukraina 


oe is spread over a wide region between contour-lines (at an average) of 
oa 125—115 metres on the right bank of the Dnieper (the western part of 
ms the subzone) and over the western part of the left bank. In the extreme 
7 south-east the medium chernozyoms rise to the height of 200—300 metres 
Baa. (Donets Ridge). 

rf In regard to this vegetation the subzone could be described as the 
L Steppa festucaceo-stipacea florida with its characteristic Stipa Lessingiana, 


the northern limit of the distribution of this plant corresponding with the 


northern border of the subzone or ,the axis of the 
tropical maximum“ (16). ; 

This subzone has not an exclusively latitudinal direction, but in 
connection with the Donest Ridge and the plateau of the Berdiansko- 


barometrical sub- 


> Mariupol massif, is digressing at a right angle to the South, following 

.' he the meridional direction (see map, attached to this papar). 

x Speaking about different local peculiarities of the soil covering of Azov cher- 
their genesis, nozyom pro- 


Ukraina, it is necessary to describe the Azov chernozyoms, bag 
morphology and their place in the classification scheme. 

Since the considerable heights of the slopes of the Donets Ridge 
and the Berdiansko-Mariupol massif come almost as far as the coast 
of the Azov Sea (130—250 m.), the Azov region considerably differs, 
as regards climate, from the extreme southern one of the Black Sea coast, 


the heights of which do not exceed 65 metres. 
The morphological features of the Azov chernozyoms of the Ukraina 


are as follows: . 
1. A considerable thickness of the humus horizons (H). The thickness 

of the H horizon equals 100—120 cm. in chernozyoms of the vast 

plateaus. 

2. A complex structure (granular-nutty columnar, like in 

medium chernozyoms) and very loose constitution. 

3. Presence of carbonate efflorescences and even of crystalline moul- 
diness at a depth ranging from 40 to 90 cm. 

4. ,Bieloglazka* at a considerable depth (120—180 cm.) and absence 
of a compact brownish horizon of loess-bieloglazka. White-eye spots scarce 
and scattered, forming no chain. Gypsum always found at a depth of at 
least 2 met. (Plateau). 

5. The presence of coprolites Dendrobena 
file is considerably burrowed by rodents. 

A special type of vegetation is also characteristic of the Azov step- 
pes—a variety of the Festucata-Stipetum floridum (7,16). For the 
purpose of illustrating the morphological peculiarities of the Azov cherno- 
zyom, the description of a profile on the field of the Mariupol Agricultural 
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Experimental Station situated in the most southern part of the Azov region, 
at a distance of 2 kilometres from the sea, follows: 
0—40 cm. humus horizon, of darkish-grey colouring; granular and 
coarse granular structure in the unploughed part of it. 


40—100 cm. transitional horizon in respect to the humus colouring 
with a loose nutty structure in its upper part and a complex structure 
(clods and columns) below. Effervescence at a depth of 40 cm. Carbonate 
mouldiness (not excessive) and efflorescences beginning with 55 cm. In the 
lower part of the horizon dark channels of big worms. 


100—200 cm. dark-yellowish loess with spots and wedges of humus. 
Many burrows. ,Bieloglaska“ at a depth ranging from 110 to 180 cm. 

The above description shows that the Ukrainian variety of the Azov 
chernozyoms somewhat differs from the Azov chernozyoms of the Don 
Region, described by L. Prasolov; the thickness is smaller (100—120 cm); 
the carbonate mouldiness is less frequent; they effervesce near the surface 
only when considerably burrowed by rodents or on more elevated places. 
The humus content is not high (5—6 p.c.), and the colouring of the 
humus horizons is darkish-grey (not intense). 

The climatical peculiarities of the Ukrainian Azov region being very 
much like those of the central part of the ordinary chernozyom subzone 
(450 mm. annual rainfall); the vegetation being presented by the Azov variety 
of the Festuceto-Stipetum floridum and the morphological features 
characterised by two forms of carbonates, the soils of this region should 
be considered as being a variety of the Azov chernozyoms with a grea- 
ter thickness, but a lower humus content. 

As to its climate this subzone is an arid steppe; the dryness of the 
climate may be explained not only by the latitudinal southern position 
but also by the general low situation of this area. These southern cherno- 
zyoms never rise higher than 125 metres in the south-west of the Ukraina, 
whereas in the south-eastern part of the country with its still drier climate, 
these soils can be met with at the altitude of 170 metres. 

From a botanical point of view this subzone can be considered as 
Steppa festucaceo-stipacea stenophylla (graminea) (16). 

The characteristic morphological features of these chernozyoms are: 

1. A small thickness of the humus (H) horizons (50—70 cm.) with 
alow humus content (3—6 p. c.). 

2. Horizon H, becoming lighter already in its upper part. A rapid 
change of H, into C. The humus colouring descending lower than H, only 
along fissures. 

3. The ,bieloglazka* horison at a depth of 50—70 cm.; the white-eyes 
disposed in a chain. 

4. The brownish horizon of the loess-bieloglazka, very well expres- 
sed at a depth ranging from 50—70 to 120—140 cm. This horizon has a 
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prismatic structure. Not only crystalline, mouldiness — but even efflores- 
cences of carbonates are usually absent. 

5. A granular structure observed only in the horizon H, (usually at 
25—35 cm.) rapidly changing into the compact nutty structure of the 
horizon Hp. 

6. A presence of manganese-ferrous concretions in form of ,shots“ 
in the soil as well as in the parent material (L). 

The description of a soil-section made 25 km. to the north-west of 
Kherson can illustrate a typical profile of the Ukrainian southern chernozyom: 

0—27 cm. humus horizon H, of dark- greyish colouring with a slight 
touch of a chocolate shade. At the depth of 0O—12 cm. a granular-powder-like 
structure, replaced by a coarse granular at the depth of 12—17 cm. 

27—60 cm. transitional horizon as regards the humus colouring (Hp); 
the upper part (27—40 cm.) is still uniformly humus coloured, or just a bit 
lighter, than the horizon H,; whereas in the lower part of He, the colouring 
rapidly dies down, and descends into the next horizon (C) only in form 
of wedges. Effervescence at a depth of 48 cm. 

60— 100 cm. compact brownish-yellow bieloglazka horizon (C) of prisma- 
tic structure; the white eyes are of a loose constitution and disposed in 
the form of a chain. 

100-—130 cm. darker yellow colouried, clayey loess (L;) with groups of 
carbonate tubes here and there and many manganese-ferrous concretions 
in the form of ,shots‘—the small ones of a loose constitution, the bigger 
ones indurated. 

In the west of the Ukraina the southern chernozyoms subzone covers 
the Tauride Black Sea depression (125 metres below sea-level); on the left 
bank of the Dnieper this subzone is replaced by the deep chernozyoms of 
the Berdiansko-Mariupol massif, and only in the extreme south-east of the 
Ukraina, in the Don Region, the southern chernozyoms reappear, occupying 


here heights from 85 to 170 m. 


On the soil maps of the European part of the Union (Sibirtsev, Chestnut 
Glinka and others), a marrow region of ,chestnut* soils was usually zone of the 


marked along the Azov and Black Sea coast. 

Later on Prof. Nabokikh, trying to differentiate the soils of this region 
more precisely and establishing the borders between them with greater accu- 
racy, distinguished districts of ,chestnut* chernozyoms and of brown soils. 

Investigations carried on in 1925—26 throw a new light on the ori- 
gin of these soils. The lower part of the Black Sea coast (less than 45 m. 
above sea-level) is occupied by soils with the following morphological 
features: 

1. A low humus content (3—3!/2 p. c.) H=50—60 cm. in the clayey 
varieties and 65—90 cm. in the fine sandy ones. 

2. Light-grey and chestnut grey colouring of the upper horizon, 
a small H, horizon, the humus colouring descending lower in wedges. 


Ukraina. 
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3. Humusless and carbonateless brownish horizon at a depth 
of 50 —70 cm.; at that of 70— 120 cm. in the case of sandy-loamy varieties. 
Effervescence at the depth of 60—70 cm. (65—120 cm. in the case of 
sandy-loamy varieties). | 

4, At a depth of 10—25 cm. a platy structure of the humus hori- 
zon going over at 15—25 cm. into a granular nutty one. 

In order to characterise the morphology of these soils, the description 
of the following section made at the Kherson Experimental Station is given: 

0 — 20cm. grey humus horizon (H,) ofa structure in the form of compact 
clods in the upper part, and of a platy structure in the lower part. The 
humus colouring not intense —a little powdered with SiO». 

20 —50 cm. transitional as regards the humus colouring, 
grey, of a compact nutty structure. 

50 —65 cm. brown horizon of prismatic structure withou 
nor carbonates. 

65 —110 cm. loess-bieloglazka horizon (C). 

110 —120cm. darkish-yellow clayey loess (L) with groups of carbonate 
tubes here and there; at a depth of 230 cm. tubes and druses of gyp- 
sum. Shots. 

The area of these soils covers the lowest part © 
Kherson Region and descends to the estuary’s coast. 

A slight modification of the morphological : 
described soil variety, when encountered over the vast third left terrace i 
the lower course of the Dnieper, is due to their lighter (sandy-loamy) texture 
in this region. A description of a section made near the village Krasno- 
znamenka in the south-western part of the terrace is given below: 

0—30 cm. grey humus horizon of a platy structure, in the unploug- 
hed part with the surface of the plates powdered by SiO». These plates 
easily break into sharp angular aggregates and granules. 

30 — 65 cm. a transitional horizon as to the humus colouring; gradually 
growing lighter downwards; in the lower part (50—65cm.) a brownish touch 
and an increase of compactness is noticeable. Here the structure is Pris- 
matic and in clods. 

65—80 cm. humusless and c 
of a prismatic structure. 

80 — 160 cm. A strongly expressed effervescence limit at a 
80 cm. Lower, carbonaceous loess with rare spots of ,bieloglazka", 
depth of 110—160 cm. 

Amidst such soils on the left bank terrace of the lower Dn 
appearance of columnar alkali soils is observed on hardly noticea 
tions of the microrelief. 

With a gradual lowering of the locality th 
alkali-soils complex begins, covering 20 km, 
litsky peninsula) even the 3—4 km. wide sea-coast 
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_ and deep columnar alkali-soils are spread here across all the slightly 
uplifted plains. The vegetation here is represented by wormwood steppes. 
_ Many small and shallow depressions are covered by Stipa capillata and 
estuca sulcata growing over chernozyoms with the following morpho- 
an logical features: 
a 0— 30 cm. grey humus horizon of a platy structure; plates breaking 
into granules and clods. A small quantity of powder-like SiO, on the 
Surface of the plates and granules. 
a 30 — 70 cm. gradually becoming lighter grey-coloured horizon, trans- 
_ itional as regards the humus colouring. In the lower part (50 — 70 cm.)rather 
compact, brownish and of prismatic structure (I). 
a 70—150 cm. A well expressed effervescence limit at a depth of 
70 cm.; lower down carbonaceous loess with groups of white tubes here 
_ 4nd there. As far down as 200 cm. no signs of either ,bieloglazka“ or 
_ Sypsum. 


a Consider them as a degraded variety of the previous alkaline chernozyom- 
fe. like soils developed over small depressions. However, a considerable part 
a of the leit bank terrace in the lower course of the Dnieper and the lower 
a lying plateaus of the right bank are also covered by soils with the same 
_ Morphological features. The following evolution of these soils is therefore 
evident: alkaline varieties of the southern chestnut chernozyom having 
_ undergone a process of leaching are modified at the present moment into 
__»Solodee* or degraded southern chernozyoms. The location of alkaline 
and alkali soils in the extreme south of the Ukraina could be explained, 
as has already been done, by several authors (Nabokikh and others), by 
the influence of the climate, i. e. the presence here of a zone with 
a complex of alkali and brown soils. In this case, in order to give a fur- 
3 ther explanation as to the transformation of these soils into ,solodee“, 
it would be necessary to admit a change of climate to a more moist 
one; such a modification of the climate towards a greater humidity would 
_ certainly have been connected with a general climatic change in the coun- 
_ try, and the climatic border line between the given area and the neighbou- 
ting subzone of the southern chernozyom would not have disappeared; 
however, there is no reason to consider this region to be peculiar as to its 
- climate and its vegetation does not present any typical plants ofthe semi-desert 
(Pyrethrum achilleifolium, Artemisia pauciflora and others). It is not to the 
climate that the increase in salt-content and the subsequent degradation 
of soils is due, but more probably to the geological phenomenon of the 
Sinking and rising of the shore line (14). The loess of the left terrace of 
the lower Dnieper region up to the present moment is characterised by 
the presence of chlorides and sulphates throughout all its mass, and to 
such an extent that there cannot be any doubt in the former moistening 
of this portion of loess by salty ground waters. 
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“ The morphology of these soils and their topography endeavour us to Degradation 
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The above described subzones, being a reflection of latitudinal cli- 


of cherio- matic subzones, at the same time correspond also with the changes in the 


zyom 
subzones. 


Prof. 
Tumin’s 
theory. 


distribution of climatic elements, depending on orographical conditions 
of the locality. Digressions of climatic-soil subzones take place in cases 
either of great differences in altitude or of extensive gentle slopes, lowe- 
ring towards river valleys, or else of vast ancient terraces (Dnieper terrace). 


The occurrence of this phenomenon in the region of the Dnieper 
terrace is mentioned in many works of the period of time from 1923 to 
1926 and is marked on the soil maps of the Ukraina constructed on a 
scale of 25 versts (27,5 km.) to one inch. 

Prof. Tumin in his work ,The Glaciation and the Chernozyom Zone 
of the European territory of the U. S. S. R.“ describes the digression of 
chernozyom-subzones in regions of the development of the Dnieper- and 
Don ice-lobes, justly pointing out to a more leached and so to say, more 
northern character of chernozyoms developed over the divides or intergla- 
cial regions; noticing a development of chernozyom subzones, characteristic 
of drier and warmer climates in the glaciated regions of the Dnieper and 
Don ice-lobes, Prof. G. M. Tumin considers this fact as being due to 
a post glacial soil formation in drier and warmer climatic conditions, whe- 
teas the chernozyoms lying outside the glacial regions have been formed 
earlier under the influence of a colder and moister climate. Prof. Tumin’s 
theory is naturally based on a wrong presumption as regards a possible 
climatic influence of the glaciation on the soil covering, the Post-placia 


age of which is undubitable. Not the upper, but the second loess horizon 
and its soil coating, being synchronic to the glacial cover, were buried 
underneath the upper loess horizon, during the fourth and last glaciation. 
It should be pointed out that the digression of the chernozyom subzones in the 
| region of the Don and Dnieper ice-lobes may be easily explained by means of 
. the climatic data of this area. Thus the development in the Dnieper depression 
of the medium (ordinary)chernozyom instead of the regional thick chernozyoms, 
is due to the climate of this particular region being drier and warmer 
than that of the more elevated parts to the West and East of it, 
as it is obvious, from the charts attached to this paper. (see fig. 2). 
This fact once more emphasises the close genetic connection between the 
orography of a country, its present climate and its soil coating. 

It is known that the law of zonality is being looked upen, by pedo- The zonal 

logists of the Union, as a general scheme of the latitudinal modifications distribution 
of climate and soils over vast areas. For cartographical work on a big * cee 
scale and for the soil survey of separate regions, a general zonal rit ph 
scheme cannot be satisfactory. As far back as in 1916 Prof. Prasolov investiga- 
(37) pointed out that for the construction of soil classifications and soil tions. 
maps, the soil modifications, due to combinations of zonal and soilma- 
king factors, must be dealt with. Prof. Tumin also considered (43) that the 
vast regions covered by subtypes of chernozyom, which the pedologists 
usually call subzones, cannot in any way satisfy neither the needs of the 
State (land-valuation, experimental work) nor those of the soil-surveyor. 
Basing himself on the modifications of the thick chernozyom in the Tambov 
Bovernment in the direction from South to North, Prof. Tumin proposed 
to carry the subdivision (in cases of detailed survey-work) as far as the 
climatic varieties of the thick chernozyom, which according to him, would 
not exceed regions of 10—15 versts (12—18 km.) in width, differing from 
each other by small modifications in the features of their chernozyoms, as 
for example: thickness of the humus horizon, a greater depth of the silica 
powdered horizon etc. A subdivjsion of the area covered by chernozyoms 
in latitudinal subzones only could not prove satisfactory in every respect, 
especially for the territory of the Ukraina. The phenomenon of zonal 
soils in the Ukraina as we shall see below, owing to the peculiarities of 
the country’s relief, has received quite a singular aspect. 

The existence on the territory of the Ukraina of special soil pro-Soil provin- 
vinces within the limits of latitudinal climatic subzones may be explained Ces of the 
by the orographical peculiarities of this country. The orographical condi- Paice 
tions and principally the heights above the sea-level affect the distribution ““"° 7°" 
of climatic elements of the Ukraina, calling forth the existence of soil- 
climatic provinces. | 

A subordinate or a dominating position, as regards the altitude of 
a certain orographical region, its position in respect to dominating moist : 
or dry winds and other local conditions, create the characteristic features 
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of climate and soils of such a province. The region of the ancient Dnieper 
terraces, spreading over an area of 100 km. on the left bank of this river 
in its middle course is for example a peculiar province as much in regard — 
to its orographical conditions as by the soil and climatical characteristic 
features: the slightly clayey character of the loess variety on the terrace — 
is affecting the character of the local chernozyoms, but the fundamental — 
peculiarity of the soils of this province is due to the climate as is — 


sufficiently evident from their morphology and chemical composition approa- 
ching those of the soils of a more southern subzone. 


The Azov chernozyoms of the Ukraina, classified as a special — 
variety of medium chernozyoms, give a good illustration of soil peculi- 


arities of separate soil-provinces. 


In the Azov province, occupying a smooth plain in the extreme south- 
east of the Ukraina, one could expect, considering its latitudinal condi- — 


tions, to meet the subzone of southern chernozyoms. The elevation of 


the southern slopes of the Donets Ridge and the Berdiansk- 
Mariupol massif, however call forth a greater quantity of atmospheric — 
precipitation and a lower mean annual and summer temperature; the ave- — 
rage climatic conditions here are almost the same as in the greatest part — 
of the medium chernozyom’s subzone, the south-eastern position of the — 


region however, accounts for a peculiar local distribution and combina- 


tion of climatic elements and the regional soils possess many similar features 


to those of the typical modern chernozyoms and many different as well. 
In the zone of the Ukrainian humid steppe, as already stated, deci- 


duous forests and the corresponding secondary podzolised or forest soils, — 


occur as a secondary phenomenon. The podzolisation here takes place 
to a different degree and all the stages of a successive degradation may 
be witnessed, from slightly-degraded chernozyom to the light-grey forest 
soils. However, even in the profile of light-grey forest soils some charac- 
teristic features of the original chernozyom profile may be detected and 
thereupon the question may be decided as to the origin of a given forest 


soil from one or another subtype or variety of chernozyom. 


Considering the above, there cannot be any great difficulty even in 
determining the characteristics of the original soil covering even in regions 
of invasion of the loess-steppes by forests (right-bank forest steppe) and 
such a differentiation of chernozyom subzones and provinces on the forest- 


steppe territory is the fundamental problem of a soil-geographical study of 


the same. 


The invasion of the steppes by forests and of the chernozyom cover- — 


ing by secondary processes of podzolisation lead to the formation of vast 
regions of light-grey forest soils on the one hand and of a typical mot- 
ley forest steppe soil-covering on the other. 

Thus, a sub-division of the humid chernozyom zone into regions 
of degraded soils is necessary (23, 48). 


‘* 
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Degraded forest soils generally derive from definite varieties of nor- 
thern and thick chernozyoms, covering the highest plateaus, in good con- 
ditions as to moisture and the Western slopes and elevated right banks 
of rivers; whereas, the lower lying, drier left banks, notwithstanding the 
loamy character of the soils, favourablefor forest growth, are deprived ofsame. 

Within the limits of one and the same chernozyom province the soils, 
in other respects, are also far from being homogenous. This fact, no doubt 
may be due to some local conditions of soil-formation, for instance: the 
dissimilarity of parent material or different conditions of the relief. 

A strong influence of one of the factors of soil-formation makes 
a differentiation within the limits of a soil province of separate more or 
less extensive soil-regions, necessary. Thus within the limits of the Do- 
nets Ridge separate regions of loess soils and soils formed on the 
products of weathering of Carboniferous sandstones or argillaceous schists 
may be differentiated (25). 

The question arises whether such regions have to be looked upon The Methods 
as a mere scheme, reflecting our knowledge of natural conditions of 4nd pur- 
the Ukraina of whether they represent an accomplished and well founded present Mw: 
graduation. A comparison of soil regions with geobotanical ones leads tion of soil- 
to the conclusion that our soil region scheme, based on a study of the regions. 
factors of soil formation and on that of soil-features and properties, 
established every region as a unique whole, a genetically chatacteristic 
individual. Thus for instance, the subdivision of the forested steppe which 
is occupying the right bank of the Dnieper, an extremely vast area to 
a considerable extent covered by forests, into a series of regions: 1) forest 
2) forest-steppe and 3) chernozyom-steppe ones, is leading to the establish- 
ment here of regions characterised by distinct combinations of natural factors. 
Not only the character of the soils but the agricultural and economical value 
of every region depend upon these combinations; by means of the differen- 
tiation of these regions the order of the wonderful mosaic and mottling of the 
soil-covering of the district is found out. The purpose of subdividing into- 
regions as regards the different soils, is to establish the area occupied by such 
soil varieties which are called forth either through zonal changes of soil-making 
factors (climate, vegetation), or through strongly expressed local modifi- 
cations (parent material, etc.). The conception of a soil region in any case 
must include that of the landscape, as otherwise the subdivision into 
regions would be too arbitrary and very little convincing (23). For the 
purpose of illustrating a complex system of division into regions we beg to 
draw the attention on the soil and geo-botanical charts of the territory 
of the left bank forested steppe. 

We shall now endeavour to illustrate how the general soil and cli- Agronomical 
matic features of the subzones as well as the oroclimatic and soil peculia- ic ok aoe 
tities of separate provinces and regions are influencing their agricultural subzotes 
productiveness. As an example one of the chief branches of agriculture, 24 "egions. 
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the field work will be chosen, and on the basis of data collected during 
many years by a series of Ukrainian Experimental Stations, the changes 
in yield and different effects caused by manuring on soils of different sub- 
zones and provinces of the Ukraina loess zone, will be described. 

The importance of manures in the chernozyom region of the Ukraina 
is immense, as besides raising the yield it also upholds its steadiness in 
unfavourable years as regards climatic conditions (8). The abundance of the 
yield without manure, as well as the effect caused by the latter, first of 
all depend on the soil and climate of a given region; however, since the 
relation in every region between the subtypes and the varieties of cherno- 
zyoms on one hand and the climatic data on the other has been sufficiently 
enlightened, only the yield in connection with a definite soil variety will 
be further dealt with. 

As regards the dung manure used on Ukrainian chernozyoms, one 
must point out its positive action everywhere, whereby the maximum and 
most steady yearly increments are got on thick chernozyoms. 


The effect of dung manure on the rye winter cover crop (in poods per dessiatina) 


1200 poods dung 
(20000 kg) 


SS 


No Manure used 


Kharkov Regional Experimental Station. cattle 
ra 1 Bg ee, ps a eae a Maar eee 78 128 


(1250. kg) (1850 kg) 
(3914-29) Agtil 16ROW rcs ao ences 4: Ht Sale 105 162--> 
(1680 kg) (2670 kg) 
Sumy Experimental. Station. June fallow .. . 74 144 
(1180 kg) (1830 kg) 
(1908—11) April fallow ........... 93 147 
(1490 kg) (2350 kg) 


From this table it is evident that the maximum effect of dung manure 
is got in case of a proper cultivation of the soil. The importance of 
a sound cultivation and a rational rotation, as necessary conditions of an 
expedient use of the manure by plants, especially rises in the subzone of 
the medium and southern chernozyoms. A very characteristic side of the 
action of dung manure in arid steppe regions is a stronger variation of 
its effect during several years; the positive action of the dung will be here 
considerably lower: 15—20 poods (240—320 kg) in yield per 1 dessiatina 


(2,7 acre). A quite separate position occupies the Kherson Experimental 
Station, whose data based on 16 years experiments show in the average _ 


a negative effect of the dung on the winter-cover rye and wheat crops. 
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This data however cannot be referred to a more or less vast region of 
the Southern Ukraina for the following reasons: 1) the origin of the 
soils of the field from alkaline southern chernozyoms, this being 
characteristic only for the narrow coastal region, and 2) the half-washed 
off condition of the soils due to the position of the field on slopes to the 
Dnieper valley. 

Of a considerable interest is the positive effect of dung on the Azov 
chernozyoms notwithstanding their location in the extreme south of the 
province. Thus, according to data of the Mariupol Experimental Station 
(1920—26) the increment in corn of the winter-cover wheat by the use of 
1200 poods (20.000 kg) of dung is 28 poods (450 kg). No doubt that in 
the northern part of the province, and especially on the high plateau of 
the Berdiansk-Mariupol massif (medium chernozyoms) as well as on the 
thick chernozyoms of the Donets Ridge, the effect of the manure will be 
still higher. 


The effect of manuring with phosphates is being enlightened by Effect of 
works at Experimental Stations in connection with new soil investiga- Phosphates 


tions; the thick chernozyoms are strongly affected by phosphate manuring. 


The results of the experiments made at the Kharkov and Sumy Experi- sub-types of 


mental Stations are given in the following table: 


Sumy Experimen- 
tal Station 
1914--1925 


Kharkov Expeti- . 
mental Station 
1913 —1925 


Increment in grain of winter-cover rye after 
fertilising yield. 


Tomasslag (6 poods P) 0; —96 kg). ..... 34 32 
(544 kg) (512 kg) 

Tomasslag plus 4 poods (64 kg) N. (Saltpetre) . 37 | 30 
Tomasslag plus Saltpetre plus potassium 3 poods (590 kg) (480 kg) 

ROR RE) a5 3”,0 me Kgs Nelly. Maar telie, <a 37 35 
(590 kg) (560 kg) 


These data confirm the opinion that in the case of thick chernozyoms for 
their northern as well as for the southern variety, the influence of 
phosphoric acid is at its minimum. The same need in assimiliable phos- 
phates is witnessed in cases of medium and southern chernozyoms, however 
under the condition of preservation in them of sufficient moisture neces- 
sary for the growth of plants by means of a rational cultivation. 

Quite different results show the experiments with northern cherno- 
zyoms; the undegraded varieties of a small humus content reveal two mini- 
mums, the need in phosphates and nitrogen. According to the No- 
sovka Station’s data: 
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r Manure rye (grain) 
no manuring. .... - 87 
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The same figures were arrived at by means of experiments made on 
_ the northern chernozyoms by the Kiev network of collective investigations. 
The effect of phosphates is relatively small here and does not rise when 
saltpetre is included; with the Kiev northern chernozyoms the two mini- 
mums are being witnessed when the humus content is less than 5 p. c,; 
here, however, the prescribed admixture of saltpetre doés evidently not 
satisfy the needs of the soil in the easily assimiliable nitrogen as yet, 
and the phosphate has not its full effect. 

On northern chernozyoms with a humus content of about 5 p. c. 
the phosphate has a considerable effect, thus, according to Kiev collec- 
tive experiments’ data, in the average of 15 experiments (in the course 
of 3 years) for the humus variety of the northern chernozyoms, the incre- 


_ ment was 30 poods (480 kg) of grain of winter-cover rye, after the appli-. 
. Be cation of super-phosphate. 

‘sf The effect The cause of a comparatively small effect of phosphates on degraded 
v3 Phospha- chernozyoms of the forest-steppe, and of the absence of any effect on grey 
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forest soils, is quite different than in the case of northern chernozyoms. — 
‘In the degradation process, i. e., the process of secondary podzolising, the 
removal of colloidal organic and mineral substances to lower soil horizonsis _ 
taking place; a certain quantity of soluble phosphates accumulate in the ; 
illuvial horizon, thus formed; therefore the need in phosphorus is smaller in 
degraded chernozyoms, than in the undegraded ones and does not appear 
at all in forest soils, where the relation between the total of phosphoric 
acid and its soluble forms is most favourable; the solubility curve of soil 
phosphates with degraded soils is a totally different one than in the case 
of the northern chernozyoms. _ 
The effect of manuring with nitrogen is gradually rising from humus 
varieties of the northern chernozyom to such with little humus content 
and further to the degraded chernozyoms (3—4 p.c. of humus) and © 


oe reaches its maximum in grey forest soils containing from 1 to 3 p.c. | 

pie relation humus 

_ between the : - , an 
degradation The relation between the degree of degradation and the fertility of 


ihe’ tility 10€SS soils in the forest steppe, resulting from the data of the Kiev network _ 
“9p 
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establishment of microzones and microregions. In order to satisfy the 


ter-cover rye corn in poods (I pood-about 16 kg) per 1 dessiatina | 


Average yield of win 
(2,7 acre) on experimental plots in 1910 — 1913. 


Chernozyoms a ee as ke Car ae Re.) 
Degraded chernozyoms. . . - . 104 (1664 kg.) | 
Grey forest soils . .... . - 93 (1488 kg.) | 


In the subzone of ordinary chernozyoms, the action of phosphates is also The effect of 
a positive one, and in the northern part of the subzone (Krasnogradsky Expe- phosphates 
rimental Station), it is even very high, — increment: 37 poods (592 kg.) corn on ordinary 
after a dressing of 3 poods (48 kg.) P2O;, and 44 poods (704 kg.) after one ae oa 
of 6 poods (96 kg.) of P,O; in form of tomasslag. Over 100 experiments aud! 
made on the crop of winter-cover rye in 1909 in the Ekaterinoslav govern- 
ment (middle and southern part of the subzone of ordinary chernozyoms), 
the area getting a dressing of 3 poods (48 kg.) P,O;, produced an average 
increment of 21 poods (336 kg) of corn per 1 dessiatina (2,7 acre.). 
For the southern chernozyom’a subzone experiments made at the 
Odessa Experimental Station show an increment of 23 poods (368 kg.) 
of corn per | dessiatina (2,7 acre.) with a dressing of superphosphate, and 
18 poods (288 kg.) with that of tomasslag, the admixture of phosphates 
for winter-cover rye being made in condition of an early fallow. 
The effect of phosphates on the southern variety of the Azov cherno- 
zyom according to experiments carried on during the period of 3 years 
at the Mariupol Experimental Station, results in an increment of 21 poods 
(336 kg.) corn of winter-cover rye. 
Collective experiments with the use of manure on experimental sta- 
tions of the Ukraina undertaken at the present time will furnish more 
complete data on the agricultural characteristics of separate soil regions. 
The above mentioned data are naturally typical for a definite position 
of a plot as to relief and climate in every subzone; in the given case the 
experimental fields are mostly lying on gentle and smooth slopes or pla- 
teaus; in cases when different parts of one field are in diverse climatical 
and soil conditions, the results of the experiments vary to a great extent, 
however, remaining always within the limits characteristic of the area in 


question. 
It is absolute 
characterised by a certain climatical variety or geological group of a soil 


subtype, a complex of different modifications of this variety or group is met 
with, depending on the conditions of macro- and microrelief. The pedolo- 
rimental work must naturally not extend to a cartographical 


ly clear that within the limits of each soil region, Soil com- 
plex. 


gist’s expe 


searching mind of an experimentalist as well as the practical demands 
of an agriculturist, it will be sufficient to outline and trace the whole 
process of modification undergone by a certain soil variety, by means of 
observation on the characteristic elements of the relief and the most 
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important climatic elements (position in relation to the countries of the 
world, the dominating winds, or natural conditions such as: the presence 
of forest-groups, river valleys, etc). The methods adopted by the experi- 
mentalist in his work are evident through the above mentioned fundamen- 
tal principles. All experiments must necessarily be based on a concrete 
and most exact (instrumental) survey of the locality. 
The method A method ofcomplex profiles alone would be adaptable i. e. 
of complex a closely connected and simultaneous work of the surveyor, geologist (hydro- 
Profiles. geologist), pedologist and geo-botanist. An extremely scarce network of pro- 
files supported by a general survey of the whole territory will be much 
more valuable than a soil map constructed on a big scale and prepared on 
the basis of soil sections, numerous, but badly connected with the character 
of the locality and climatic conditions. 

It must be admitted that the topographical map, constructed on a 
scale of 3 versts (3,3km.) to one inch, for instance, cannot be sufficiently 
connected with the locality in case of a soil survey on a similar scale,— 
3 versts (3,3 km.) to one inch,-and the soil sections opened in this case 
usually on every 100—300 dessiatinas (270—810 acres) do not warrant 

a right location on the map even of the most frequently met soil varieties; 
the work on cultivated land especially is liable to errors, since the tillage 
to a great extent extinguishes the micro-relief and the choice of a right 
place for a soil section is not always possible. The often expressed 
opinion that the ,soil covering in the chernozyom zone is characteristic 
for its monotony‘ (in comparison, for instance to the zone of podzolised 
soils) is an excellent proof of the superficial knowledge of the character 
of the modifications taking place in chernozyom soils; the complexity of 
podzolised soils, depending on the rapid change of differently textured 
parent material is obvious at first glance, but it is so and so much 
more difficult to discern and properly classify the climatic changes and 
varieties within the limits of the chernozyom subtype. 

The pheno- The character of macro-complexity of chernozyoms, for instance of 
menon of the thick chernozyoms of the Dnieper right bank, depends on the macro- 
fo vamp relief being considerably dissected, the presence of rather narrow divides 
plexity, Steeply rising above valleys, with summits in form of plateaus, and vast 

| gentle slopes of different directions. At the same time the heights above 
sea-level even in case of neighbouring divides are not uniform. The diffe- 

rence in altitude of separate points is really not great and the increase in 
precipitation and moisture in general, as well as a cooling down of the 

climate, in connection with the locality, gradually rising is after all weekly 
expressed here. According to data, collected by means of numerous experi- 

ments of the Kiev Experimental Agricultural Station (Koskhos), it can be 

stated (45) that the rising of the locality by every 45 m. produces at an 

average a 6 mm. increase of the precipitation for the vegetation-period 


(April — July). 


h 
, 1 + 


A stronger effect on the distribution of rainfall and temperature is 
noticed in different conditions of the macro-relief; the same data of the 
Koskhos prove that river valleys get the smallest quantity of rainfall and 
their mean annual, as well as monthly temperature is a little higher than 
in case of the neighbouring more elevated areas; the most humid are the 
slopes of the western (W, N-W) and northern direction and the plateaus; 
the southern slopes (S. S-E) are less humid and are at the same time 
subjected to a greater heating. The above mentioned distribution of rainfall 
and the modifications in soils, connected therewith, can be seen on Fig. 3. 
The unequal distribution of the precipitation and temperature as to 
different elements of the macrorelief, naturally accompanied by variations 
(of a considerable range) of the local climate in its whole must result in 
the formation of the respective macro-climatical soil varieties. The macro- 
complexity phenomenon of the chernozyoms,dependent on the topograp- 
hical and climatical complexity of the district was found to occur without 
failure on divides of high and low order. 

In general the features of the macro-complexity phenomenon of the 
chernozyoms consist in the following: the given subtype or variety of the 
chernozyom when in ,placore“ conditions (on smooth uplands) possessing 
all the features characteristic of the given province or subzone, shows consi- 
derable modifications in its morphology and chemical composition when 
covering slopes and river valleys vastly different as to their moisture. 
As a general rule on more humid and less heated slopes the chernozyoms 
show features of a more northern subzone (a greater leaching, a greater 
thickness of H, a different humus content) and on less humid and more 
heated just the reverse picture is noticed, the chernozyoms resembling 
more southern ones (change in humus content, different thickness, appe- 
arance of new forms of carbonates). Fig. 3 is illustrating the change 
of the main features of the northern variety of the thick chernozyoms in 
different conditions of macro-climate 1); considernig these features we 
come to the conclusion that on humid slopes the northern variety of 
thick chernozyoms acquires the features of the northern and leached cher- 
nozyom whereas on strongly heated slopes, features of the southern variety 
of the same subtype can be observed. 

Data on the yield Fig. 3 give a wonderfully clear characteristics 
of the varieties of the thick chernozyom, referred to, as building at the 
same time peculiar agronomical groups. It is quite clear that in connec- 
tion with a complexity of the soil covering we have in each district an 
agronomical complexity, requiring a differentiation of the methods 
of tillage. 

1) Estimating genetically the changes of climate connected either with the 
position of the latitudinal zones or the peculiarity of the local orography and relief, — we 
consider it necessary to distinguish in the distribution of climatical elements the following 
moments: zonal-climatical, oro-climatical, macro-climatical and micro-climatical. 
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Below another example, illustrating the chernozyom complexity is 
given: on Fig. 4 we have a profile of the Experimental a of the 
Kharkov Regional Agricultural Station. 

The northern slopes of the field are occupied by a chernozyom 
variation closely related to the northern variety of the thick chernozyom; 
the plateau shows the southern variety of the sub-type mentioned; finally the 
chernozyoms of the southern slope show features characteristic for the sub- 
zone of medium chernozyoms; such characteristics are for instance 
a smaller thickness, combined with the same humus content, this being 
dependent on a smaller depth of permeability and a lower degree of 
leaching, the presence of carbonates in form of ,,white-eyes“, and even 
a development of a brown horizon of loess-bieloglazka. The soils of the 
western (going over into SW.) slope of the field are characteristic for 
their lower grade of leaching than the northern ones, at the same time 
however being totally deprived of a compact ,loess-bieloglazka horizon. 
Fig. 5 is illustrating the same phenomenon of macro-complexity of the 
chernozyom in the ordinary (medium) chernozyom subzone. 


The study of the character of the complexity of the Ukrainian cher- 


nozyom cover is certainly very important from a scientific as well as from 
a practical point of view. Prof. Dokuchaiev’s conception of the zonality 
of soils, and the development of same by his pupils, as already stated, 
cannot satisfy the modern geologists and therefore forces them to develop, 
broaden and in some respects modify our views on the zonality of soils. 
On the other hand our studies of the chernozyom complexity have proved 
that not only general conception of a zonal distribution of soils but also 
their subsequent detalisation in form of subdivision into provinces and 
facies, are a much too general form of connecting the soil with the factors 
of its formation, as they do not sufficiently enlighten the actual inter- 
relation of those factors. 

The conception of zonal distribution of chernozyoms in any case 
assumes a prevailing distribution of the respective subtype in conditions 
of the given latitudinal soil-climatic subzone. 

Nevertheless in conditions of such a climatical subzone we can observe 
even the disappearance of the normal variety, peculiar to the subzone of 
the chernozyom’s subtype. It being replaced by varieties, similar to the 
subtypes of the neigbournig subzones (more southern and more northern). 
Such a phenomenon was always noticed in conditions of a_ dissected 
steppe, where the platean as an element of relief is absent or nearly 
so, being replaced by vast, usually very gentle slopes of different di- 
rections. 

In such cases the latitudinal climatical conditions of the subzone 
undergo a series of peculiar transformations under local conditions of 
orography anid relief resulting in corresponding modifications of soil forma- 
tion over slopes of different oro-climatical position. 
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Below another example, illustrating the chernozyom complexity is 


given: on Fig. 4 we have a profile of the Experimental Field of the 
Kharkov Regional Agricultural Station. 


The northern slopes of th 


€ field are occupied by a chernozyom 
Variation closely related to th 


€ northern variety of the thick chernozyom; 
the plateau shows the southern variety of the sub-type mentioned; finally ar 
chernozyoms of the southern Slope show features characteristic for the sub- 
zone of medium chernozyoms; such characteristics are for instance 
a smaller thickness, combined with the same humus content, this — 
dependent on a smaller depth of permeability and a lower degree 0 
leaching, the presence of carbonates in form of ,,white-eyes“, and even 
a development of a brown horizon of loess-bieloglazka. The soils of the 
western (going over into SW.) slope of the field are characteristic for 
their lower grade of leaching than the northern ones, at the same time 
however being totally deprived of a compact ,loess-bieloglazka horizon. 
Fig. 5 is illustrating the same phenomenon of macro-complexity of the 
chernozyom in the ordinary (medium) chernozyom subzone. 

The study of the character of the complexity of the Ukrainian cher- 
nozyom cover is certainly very important from a scientific as well as from 
a practical point of view. Prof. Dokuchaiev’s conception of the zonality 
of soils, and the development of same by his pupils, as already stated, 
cannot satisfy the modern geologists and therefore forces them to develop, 
broaden and in some respects modify our views on the zonality of —_ 
On the other hand our studies of the chernozyom complexity have prove 
that not only general conception of a zonal distribution of soils but ae 
their subsequent detalisation in form of subdivision into provinces an 
facies, are a much too general form of connecting the soil with the factors 
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The data of the Kharkov Region 


is given below as an illustration oO 
complexity for agriculture. It is adequate to emphasise here the fact that 


the natural productiveness, (yield, without manure) as well as the reaction 

aay licati d - plexity. 
1 the application of manure (dung and phosphates) of the different 

climatic varieties of the Kharkov chernozyom are totally different. 
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The northern slope of the field as already stated is occupied by 
a chernozyom variety characterised by a lower effervescence level and by 
a development of a small humusless and carbonateless horizon (5 —30 cm.). 
The data of experiment N®. 1 refer to this variety. Another kind of this 
particular variety of chernozyom (the southern variety of thick chernozyom) 
with the effervescence level and carbonate efflorescences in the transitory 
horizon, as regards the humus colouring (H»,) is covering the western and 
south-western slopes of the field. The given table shows that the natural 
productiveness of these varieties is not identical, whereas the different 
increment produced by manuring, seems to indicate that these soils must 
be considered as different agricultural varieties. 


Corn yield of winter-cover rye, expressed in poods per | dessiatina (Experiments for the 
period of nine years). 


| Increment 


1200 poods 
Experiment Chernozyom Sat (20000 kg) Increment | Prospha- (Phospha- 
variety of dung. (dung) tes ids 


N° 1 Variety i a P 77 134 57 128 51 
weakly develope 
somipect fatten (1230 kg.)| (2145 kg.) | (910 kg.) | (2250 kg.) (816 kg.) 
above the (lowered) 
affervescence level 


N° 4 Variety with cath 104 129 25 129 25 
nate mould and the| (1665 kg. 9065 kg. 400 ke. 
effervescence level ( G-)) (2065 kg.) | ( 8-) | (2065 kg.)) (400 kg.) 

in Hy 


The definite connection between the conditions of the macro-and 
microclimatical and soil complex and the strongly different productiveness 
of its components forms the fundamental question of pedology, to be solved 
by the work accomplished on experimental stations. 

Agricultural It is evident that each of the most frequently met components of the 
experiment chernozyom complex must necessarily represent the soil-unit for a 
and the soil. scjentifically organised agricultural experiment. The conclusions drawn 
from the work of experimental stations in the region of the stations must 
also be applied only to the experimentally studied soil-units. It is interesting 
to note that the agricultural practice has likewise seriously taken up the 
question of oroclimatic complexity. 

A. Filippovsky (45), Director of the Kiev Regional Agricultural Experi- 
mental Station in his work ,Orography, as a factor of the changes in 
the quantity of precipitation, the abundance of crops, and the character 
of the forms of rural economy in separate regions of the Kiev govern- 


ment“ writes: 


... ythe work of the agricultural staff in oumentet Mae 
methods to the population for the purpose of crop- a le ae 
_ highly differentiated, even to the consideration of al - e 2 cpa ted 
the position of different kinds of land in every loca nag eine on 
soil and micro-climate. Definite combinations of a eae Soest: 
conditions of a more moist or a more dry macroclimate, 

a for each agricultural region‘. | oe 
— The eadtn of a fundamental study of the an i ed 
mics of the chernozyom complex we consider to oy vie eee 
of pedology, which problem when solved will oe ee y 

a greater accuracy and rationality in our agricultura . 


Kharkov 1-st March 1927. 
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~ , ‘ 
genetic soil classification. Leningrad. 1925. 


Kharkov. 1925. 
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Profile across the coastal stripe of Yagorlytsky Peninsula. 


(Salines-alkali-soils complex and alkali-soils-chernozyom complex). 


A section drawn across the coastal part of Yagorlytsky Peninsula, 4 km. in length 
from the sea beach to the central part of the peninsula (1, II, Il). The surface rises very 


gradually. 
1. Saline complex. On the maritime beach a development of saline coastal 


marshes. Amid thickets of Phragmites communis. Trin—Salicornia berbacae L, 
and Atropis festucaeformis Boiss. are growing. Further from the beach minute 
depressions of different extent are scattered over rather a smooth surface. The flat places 
are covered by green groups of Halocneum strobilaceum (Pall). M. B., this plant 
growing on hillocks, while the interstices between the hillocks occupied by salines, are 
almost deprived of vegetation. Reddish purple thickets of Salicornia herbacea 
L., frequently without any admixture,—cover the depressions. The soils of this complex are 
salines. Further this complex is replaced by the following one: 

2. Saline-alkali soils complex. The microrelief is similar. Over the flat 
plain, minute shallow depressions are dispersed. The flat patches of ground, occupied by 
salines are covered with a growth of the same Halocneum strobilaceum (Pall), 
M. B., in depressions with their deep columnar alkali-soils—a predominance of Obione 
verrucifera M. T., and of Atropis festucaeformis Boiss. With the gradual 
rising of the plain in its part transitional to the next complex O bione verrucifera M.T,, 
and Artemisia maritima begin to predominate in depressions. 

3. Alkali soil-chernozyom complex, is peculiar to the most elevated part 
of the peninsula. Flat portions of surface with deep columnar alkali-soi’s are occupied by the 
Steppa Artemisiaceo-Graminaea with a predominance of Artemisia mari- 
tima L. Artemisia austriaca, Jacq, Festuca sulcata Hackel and Stipa 
capillata L. Blue-violet flowers of Statice Meyeri Boiss. are dispersed. Less deep 
depressions with alkaline chernozyoms and with degraded chernozyoms transformed into 
solodee are covered by a growth of Festuca sulcata Hackel and Stipa capillata L., 
without any Artemisiae. Deeper depressions with deep columnar alkali-soils with a ,gley“ 
horizon, are occupied by a growth peculiar to ,pods* with a predominance of Carex 
nutans Host. 
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Profile across the coastal stripe of Yagorlytsky Peninsula. 
(Salines-alkali-soils complex and alkali-soils-chernozyom complex). 


A section drawn across the coastal part of Yagorlytsky Peninsula, 4 km. in length 
from the sea beach to the central part of the peninsula (1, II, Ill). The surface rises very 


gradually. 
1. Saline complex. On the maritime beach a development of saline coastal 


marshes. Amid thickets of Phragmites communis. Trin,—Salicornia berbacae L. 
and Atropis festucaeformis Boiss. are growing. Further from the beach minute 
depressions of different extent are scattered over rather a smooth surface. The flat places 
are covered by green groups of Halocneum strobilaceum (Pall). M. B., this plant 
growing on hillocks, while the interstices between the hillocks occupied by salines, are 
almost deprived of vegetation. Reddish purple thickets of Salicornia herbacea 
L., frequently without any admixture,—cover the depressions. The soils of this complex are 


salines. Further this complex is replaced by the following one: 
2. Saline-alkali soils complex. The microrelief is similar. Over the flat 


plain, minute shallow depressions are dispersed. The flat patches of ground, occupied by 
salines are covered with a growth of the same Halocneum strobilaceum (Pall)., 
M. B., in depressions with their deep columnar alkali-soils—a predominance of Obione 
verrucifera M,. T., and of Atropis festucaeformis Boiss. With the gradual 
rising of the plain in its part transitional to the next complex Obione verruciferaM.T., 
and Artemisia maritima begin to predominate in depressions. 

3. Alkali soil-cchernozyom complex, is peculiar to the most elevated part 
of the peninsula. Flat portions of surface with deep columnar alkali-soi's are occupied by the 
Steppa Artemisiaceo-Graminaea with a predominance of Artemisia mari- 
tima L. Artemisia austriaca, Jacq, Festuca sulcata Hackel and Stipa 
capillaia L. Blue-violet flowers of Statice Me yeri Boiss. are dispersed. Less deep 
depressions with alkaline chernozyoms and with degraded chernozyoms transformed into 
solodee are covered by a growth of Festuca sulcata Hackel and Stipa capillata L., 
Without any Artemisiae. Deeper depressions with deep columnar alkali-soils with a ngley* 
horizon, are occupied by a growth peculiar to ,pods* with a predominance of Carex 
nutans Host. 
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Soil-zones, Subzones and provinces of Ukraina. 


Podzol-zone. 
(Moraine-outwash-plain, forest-zone). 


Provinces: 1; — Polessie (part on the right bank 
of the Dnieper). 


I, — Polessie (part on the left bank of the 
Dnieper). 


Steppe zone. 
Humid steppe (Forest steppe). 


Subzone of nothern chernozyom. 


Provinces: II—of the right bank and ot the left bank. 
Subzone ofthick chernozyom. 
Provinces: Il, — Podolian forest province. 

Il, — Kiev forest-steppe province. 


Il; — Dnieper saline-chernozyom province 
(region of ancient terrace of the Dnie- 
per river). 

Il, — Right bank forest-steppe province. 


Arid steppe (with a differentiation of the semi- 
arid steppe and the true arid steppe). 


Subzone of ordinary (medium) cherno- 
zyom (semi-arid steppe). 
Provinces: III, — Province of the right bank. 
Ill, — Province of the left bank. 


Il]; — Eastern province (with some features 
of the forest-steppe). 

Ill, — Donets province (with features of 
the forest-steppe) 

Il], — Azov province. 


Subzone of southern chernozyom (true 
arid steppe). 


Provinces: IV; — Chernozyom arid steppe. 
IV, — Alkali-soil-chernozyom steppe (fourth 
terrace of the Dnieper-river) with 
a_ separate region (IV3) of fine-sandy 
alkali-soil-chernozyom steppe (third 
terrace of the Dnieper-river). 


Distribution of the species of feather-grasses in Ukraina. 


©0000 Northern limit of Stipa capillata L. 
ee , Stipa Lessingiana Trin. 


— »  » Stipa Ucrainica P. Smirn. 


8-9-8-9 Southern limit of Stipa stenophylla Czern. 
eeeeeees Western limit of Stipa dasyphylla Czern. 
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Soil-zones, Subzones and provinces of Ukraina. 


Podzol-zone. 
(Moraine-outwash-plain, forest-zone). 


Provinces: 1, — Polessie (part on the right bank 
of the Dnieper). 
I, —- Polessie (part on the left bank of the 
ieper). 


Steppe zone. 
Humid steppe (Forest steppe). 


Subzone of nothern chernozyom. 


Provinces: Il—of the right bank and ot the left bank. 
Subzone ofthick chernozyom. 
Provinces: II, — Podolian forest province. 
II, — Kiev forest-steppe province. 
Il, — Dnieper saline-chernozyom province 
(region of ancient terrace of the Dnie- 
per river). 
Il, — Right bank forest-steppe province. 


. Arid steppe (with a differentiation of the semi- 


arid steppe and the true arid steppe). 


Subzone of ordinary (medium) cherno- 
zyom (semi-arid steppe). 
Provinces: III, — Province of the right bank. 
lll, — Province of the left bank. 
Il], — Eastern province (with some features 
of the forest-steppe). 
Ill, — Donets province (with features of 
the forest-steppe) 
Ill, — Azov province. 


Subzone of southern chernozyom (true 
arid steppe) 
Provinces: IV, —Chernozyom arid steppe. 

V, — Alkali-soil-chernozyom steppe (fourth 
errace of the Dnieper-river) with 
a_ separate region (IV3) of fine-sandy 
alkali-soil-chernozyom steppe (third 

terrace of the Dnieper-river). 


Distribution of the species of feather-grasses in Ukraina. 
0000 Northern limit of Stipa capillata L. 

r rn » Stipa Lessingiana Trin. 

£ - Stipa Ucrainica P. Smirn. 
e-9-8-9 Southern limit of Stipa stenophylla Czern. 
Western limit of Stipa dasyphylla Czern. 
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The flora of Ukraina. 


E. Lavrenko. 
1. Fundamental physico-geographical features. 


In relation to the geotectonical character of Ukraina, the following 
regions may be differentiated (A. D. Arkhangelsky, 6): from N. W. 
to S. E. the Ukraina is crossed as by a belt, narrowing to the S. E. by 
the Azov-Podolian horst, consisting of crystalline rocks, exposed on slopes 
of the river and ravine valleys and underlying on plateaus Tertiary and 
Quaternary deposits. The Berdiansk-Mariupol part, of the above mentioned 
horst is followed eastwards by the Donets Ridge, (south from the North 
Donets river); the Donets Ridge is chiefly composed of Carboniferous 
rocks (sandstones, schists and limestones). To the north from the above 
mentioned horst and ridge the Dnieper (Ukrainian) depression is 
lying, mostly filled up by Cretaceous and Tertiary sediments. South from 
the horst and ridge lies the Black Sea depression, in which Tertiaty 
sediments predominate. 

In the middle Miocene the Black Sea depression was covered by 
the Sarmatian Sea, which beginning south of the Ridge was also 
extending over the Southern and Eastern part of the horst. In Pliocene 
we also know 4a transgression, that of the Pontian Sea (making one 
with the Caspian Sea) the northern limit of which did not reach the nO!- 
thern boundaries of the Sarmatian Sea. The Black and Azov seas were 


joint to the Caspian in the beginning of the Postpliocene as well 


(Sokolov, 64). 

The climate of the Tertiary period at first was of a moist and tro- 
pical character. At the beginning of the Pliocene however, the Pontian 
Sea began to freeze along its coasts (Sokolov, 64). 

The further cooling and probably also increasing humidity of the 
climate have been the causes of the formation of large continental 
glaciers. The Ukrainian geologists (Krokos, 22,33) on account of stu- 
dying the stratigraphy of the loess establish four glacial epochs which 
are intercalated (in time) by interglacial stages. Among them the glacier 
of the third and most vast glaciation had penetrated deeply with its 
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Dnieper-lobe into the country (Tutkovsky, 77). Within the boundaries 
of the Northern Ukraina this glacier has left fluvio-glacial and loamy-sandy 
boulder beds (moraine) of a great thickness and spread over wide areas. 
The mentioned sediments represent the parent material of the Polessie 
soils (Makhov, 46) '). 

The loess is considered to be a deposit genetically connected with 
the glacial period. The loess covers the greatest part of Ukraina, as 
a continuous mantle south of the boundary of Polessie (from the line 
Zhitomir—Fastov—Vasilkov—Kiev—Koselets—Nezhin), and only small 
districts of the Donets Ridge remain free from it 2). 

Concerning the means of loess deposition within one or the other 
phase of glaciation, no generally established point of view exists as yet. 
A number of authors, however, speaking of the conditions of the deposi- 
tion and formation of loess are of the opinion that the climate 
during that period of time was of an arid, half desert or even desert 
character (Tutkovsky, 77), (Krokos, 32, 33), (Berg, 78). The Ukrai- 
nian authors consider the upper loess horizon to be contemporary with 
the last (fourth) glaciation. Thus the predominating parent rock of the 
Ukrainian forest-steppe and steppe, seems to be all over of the same age 
(Krokos, 32, 33), (Makhov, 45, 47). 

As will be shown further the described conditions as to the geotec- 
tonic, the history of the marine transgressions and distribution of parent 
rock had played a considerable part in the distribution of flora. 

The orography of Ukraina appears to be a most important physico- 
geographical factor, having a definite influence upon the distribution of 
climatic elements (rainfall, temperature) (G. Vysotsky, 16) at the pre- 
sent time, and in connection with this, upon the distribution of soils. 
The orography is on the other hand, closely connected with the geotec- 
tonic (Makhov, 45, 47). 

3. The most considerable heights of the Ukraina (Makhov, 45) are 
met with in the following places: 1) in the Volyn-Podolian (western) part 
of the Azov-Podolian horst (elevations of 210—300 and 300—380 m. are 
here predominating); 2) on the Donets Ridge and the Berdiansk—Mariupol 
part of the horst (elevations of 215—300 met. prevail); the flat summit 
of the Donets Ridge however, is 300—380 met. high; 3) at the North-east 
of Ukraina, the southern limit of the Central Russian elevation *); on an 
average, an altitude of 130—215 m. prevail but some districts are as high 
as 215—300 met. The Ukrainian Polessie has an average altitude of 
130—215 m. qi he left bank of the river Dnieper is considerably lower 


1) The drift of the Dnieper ice-lobe is covered with loess. 
2) The flat summit of the Donets Ridge however is covered with loess (G. Mak- 


ho v, 50). 
3) Here the Ukrainian depression joins the Voronezh underground horst. 
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(65—130 m.), as well as the Black Sea depression (65—130 met. and the 
coastal parts even down to O—65 met.) '). In the remaining part of 
Ukraina elevations of 130—215 m. predominate. G. G. Makhov (45) 
showed that this distribution of the elevations has its influence on the 
direction of iso-climatical lines (vertical climatical zonality of 
the Ukraina). 

Thus the annual isoghiets of 500 mm. particularly of 450 mm. are 
turning to the south in the right and left bank regions and, on the con- 
trary, to the north in the Dnieper valley. The isoghiet of 450 mm. passes 
the Donets Ridge from the east and the west. The isotherms of July is 
slightly removed in the following sense. The elevated regions are relati- 
vely more humid and cold, whereas the lower regions are relatively warm 
and dry. 


ll. Paleobotanical data on the history of the Tertiary Ukrainian flora. 


(Information on the Tertiary flora is published by J. Schmalhausen, 
A. N. Krasnov and chiefly A.N. Krishtofovich. W. W. Aliokhin 
has published a summary of these data). 


In the Eocene within the boundaries of the Ukraina, palm-trees were 
met with (Sabal Ucrainica Schmalh. Nipa Burtini Schmalh.) different 
laurel and cinnamon trees, New Zealand types of conifers (Podocarpus 
Phyllocladus) etc. In Oligocene, also palm-trees —Sabal Ucrainica as 
well as laurels, Cinnamonum sequoia, and some Australian Proteaceae 
(Banksia, Hakea) were growing. The character of the evergreen vegetation 
seems to bear proof of tropical and subtropical conditions. 

During the Miocene the (Sarmatian) flora of Ukraina bore a fully 
expressed character of the modern flora of the East Asiatic temparate 
latitudes (Japan, SW China etc). It stands in quite a definite relationship 
to the present flora of Crimea and Caucasus, In the Sarmatian beds along the 
Krymka river (north of Taganrog) are discovered. Castanca Kubinyi, Kov, 
Carpinus grandis Ung., Zelkova Ungeri Ett, species: Sapindus, Juglans, 
Fagus, Taxodium, Cercis, Liriodendron, and many others. All these 
plants (except one species of Carpinus) are now absent in Ukraina. 
Only a few of the above mentioned trees had an evergreen foliage, thus 
the forests were mostly composed of deciduous trees. In comparison with 
the corresponding fossil floras of Western Europe and Crimea the Sarma- 
tian one of Ukraina bore a more boreal character. 

For the Pliocene (Meotian flora) some remains are found in the 
South West of Ukraina, mostly identical with the now existing genera 


1) The Northern limit of the Pontian Sea approximately coincides with the countour 
line of 130 met. 


of Ukraina in Bessarabia and Podolia. Only contemporary species were 


- elevation (left bank). 3) The elevated Donets Ridge occasionally connected 


- filiev, 73, 74, Paczoski, 57, Makhov, 45, 47, 
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of trees and shrubs (Salix, Populus, Ulmus, Alnus, Carpinus), as well as 
some genera absent at the present time: Ficus, Juglans. In any case 
this flora had entirely contemporaneous boreal character. 

Few remains of the Postpliocene flora are known in the southwest — 
found here, namely: Corylus Avellana L, Quercus Robur L; Ulmus 7 
Acer platanoides L, Tilia cf. platyphyllos Scop. Scolopendrium offici- — 
nale L, At present only Tilia platyphyllos Scop. (Western European form) — 
is not to be met with in Ukraina. According to A. N. Krishtofovich | 
this flora must be considered as connected with the corresponding inter- Be . 
glacial stage or even with the glaciation of Carpathians. Thus the forest — ee 
flora on the Podolian elevation during the glacial period was the same 
as at the present time (W. Aliokhin 2). This fact is fully confirmed by the 
vegetation data given below. 


Ill. Forests. 


The forest zone of Eurasia passes through the northern part of © 
Ukraina (Polessie), the southern boundary of the Ukrainian forest zone coin-— - 
ciding exactly with the northern limit of loess extension (Makh ov, 45, 47), — | 
the Ukrainian Polessie is the region of the highest annual precipitation es | 
of the Ukraina, equal to 550—600 mm. and more. This circumstance — 
evidently favours the growing of forests. The rapid disappearance ae 
forest- growth in the southern Polessie evidently depends upon the sharp — 
changes of the parent material '). South from the forest region of the 
Ukrainian Polessie in the forest-steppe belt (as is shown by A. Nabo-- “4 ‘ 
kikh, 53 and G. Makhov, 45, 47) extends an almost woodless strip, 
covered by the northern chernozyoms of Makhov. 2 : 

In the forest steppe belt of the Ukraina the forests are occupying 
the most elevated places, namely: 1) the Volyn-Podolia-Kiev elevated 
plateau (right bank) and 2) the southern borders of the Central-Russian — 


with groups of forest growth. The indicated connection of the data : 
forested parts of Ukraina with the highest points of the country is a es 
dered to be the effect of a vertical distribution of flora (and soil) Tew 


The mean annual quantity of atmospheric precipitation amounting t 
600—550 —500—450 mm. is characteristic for the right bank fore : 
region of the forest steppe; —550—500 mm. for the left bank, and 500— 
450 mm. per annum for the Donets Ridge. ae 

The southern part of the steppe region, with an annual precipitation — 
lower than 450 mm. and a dry hot summer, is almost entirely deprived — 


1) Glacial sands, loamy sands and loams, represent the parent material of oe: Po. 
lessie, and loess —that of more southern forest-steppe or steppe zone. 
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of forests (Makhov 45). The forests are preserved here only in the river 
valleys. The problem of the absence of forest in the steppes was 
frequently subjected to discussion in Russian literature (for summary see 
Tanfiliev, 75). Many authors, (Behr, Middendorf, Vysotsky) 
consider the climate to be the reason of this phenomenon chiefly the 
lack of precipitation;— others are referring it to the physical properties 
of the soil (Kostychev) or to the chemical composition—the salinity 
of soil and subsoil (Beketov, Dokuchaiev, Tanfiliev) again oth- 
ers—to the struggle for existence between the steppe and forest flora 
(Korzhinsky). Some authors (Taliev) consider the woodless condition 
in the Ukrainian steppes to be a secondary phenomenon, the result of the 
destruction of prehistorical forests by man, chiefly by means of steppe 
fire, cutting etc. The fundamental cause of this absence of forests in steppe- 
regions lies probably in the climatic conditions, namely in the lack of 
atmospheric precipitation combined with high evaporation. 

The study of forest soils in the forest-steppe region showed the 
almost exclusive presence of secondary podzolised (forest) soils. 
Thus, even in the places of vast forested districts in the forest-steppe 
region on a loess subsoil, steppes previously existed with corresponding 
flora and chernozyom soils. These prehistorical steppes were most 
probably extending up to the northern limits of the loess cover, (Tanfi- 
liev, 75). The greatest part of the authors agree in the opinion, that the 
forests during the dry-steppe or half-desert (Postglacial) stage of , prehisto- 
rical* steppes had an extremely scant extension in the Ukraina (T anfi- 
liev, 75, Paczoski, 57, Nabokikh, 54). The forest soils formed 
under forests may be referred to the primary podzolised soils. Secondary 
podzolised soils (chiefly in the forest-steppe region) before the settlement 
of forests, were covered by steppes, i. e. were chernozyoms. The settling 
of deciduous forests within the limits of the forest-steppe of Ukraina in 
the Post glacial time (Korzhinsky, Tanfiliev, 75), out of the remain- 
ing centres should be connected with the increasing humidity of the 
climate during the recent geological past (W. Dokhturovsky, 18, 19), 
(for summary see L. S. Berg, 9). The so-called degradation of cherno- 
zyoms must be connected with the settlement of forests resulting in the 
appearance of secondary podzolised soils, degraded chernozyoms — forest 
loams and forest sandy-loams of various types. 

The different kinds of trees and shrubs-species growing in Ukraina 
will be considered next. Among conifers are met with pine Pinus sil- 
vestris L. widely extending over the forest and forest-steppe zones, fir, 
Picea excelsa L. is to be seen only in the extreme north of Polessie; 
common juniper (Juniperus communis L.) in Polessie, very rarely in the 
forest-steppe. 

Among the broadleaved trees in Ukraina the following are met with: 
rather often birch (Betula verrucosa Ehrh.); alder (Almus glutinosa Gaert); 
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white beech (Carpinus Betulus L.); aspen (Populus tremula L.); elm (Ulmus 
scabra Mill.); (U. glabra Mill.); (U. laevis Pall.); oak (Quercus peduncu- 
lata Ehrh); mapple (Acer platanoides); pine (Pinus communis. L.); wild 
apple (P. Malus L.); cherries (Prunus Padus L.); (Tilia cordata Mill); 
ash (Fraxinus excelsior L.) and some others. Among shrubs in the under- 
growth the usual varieties are: hazelnut (Corylus Avellana L.); (Rhamaus 
Frangula L.); tartar mapple (Acer tataricum L.); field mapple (A. campestre); 
(Evonymus Europaea L.); (E. verrucosa Scop.); honeysuckle (Viburnum 
opulus L.) and some others. On the forest-skirts there usually is a vigo- 
rous growth of shrubs, such as Crataegus m., anogyna Jacg. thorn (Pru- 
nus spinosa L.), Rhamnus cathartica L. with the admixture of characteristic 
steppe shrubs within the limits of the forest-steppe zone (Amygdalus 
nana L.) and Caragana frutex C. Koch. 

These species, except Carpinus Betulus L.*) and the above mentioned 
steppe shrubs, are met more or less all over Ukraina. 

In the forests of the Western part of Ukraina, situated to the west 
of Dnieper considerable quantity of western and southern species are met 
with; they do not, however, extend east even so far as to the Dnieper. 
Many wood and shrub species, which are not found further East grow in 
the Dnieper and Bug river regions (J. Paczoski, 57, O. Savostia- 
nov, 62) for instance Fagus silvatica L., along the river Zbruch, Quercus 
sessiliflora Salisb. Quercus lanuginosa Thuill; Sorbus torminalis Crantz, 
Acer pseudoplatanus L., Staphylea pinnata L., Evonymus nana MB (also 
at the source of the river Ingulets)—7ilia argentea Desf., Cornus mas. L. 
Besides these trees and shrubs we see many kinds of herbaceous plants 
of the same character of extension. 

All these western and southern forms, not going far to the East, are 
connected with a large Podolian group of secondary podzols, covering, 
in the Dniester region, the highest district of the Podolia-Volynian 
plateau ”). 

Further to the East in the left bank region Carpinus Betulus L. as well 
as Acer platanoides L, gradually disappear. New eastern species are not 
encountered. 

In Polessie prevail, pine forests composed of Pinus silvestris L, as 
well as mixed forests composed of pine, and some deciduous trees, chiefly 
oak (Quercus pedunculata Ehrh.). 

In the composition of grass cover here prevail species of Eurasian 
»taiga* with an admixture of a considerable quantity of West European 


1) The eastern boundary of C. Betulus in Ukraina crossses Poltava. To the east of 
this limit we meet two isolated patches in the Donets Ridge Wistrict. (E. Lavrenko, 38). 

2) A. Nabokikh (53) and Paczoski (57) considered these Podol Volynian 
podzols to be primary ones, but according to the last investigations they are secondary 
forest soils (G, Makhov, 47). 
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forms. Many kinds of small steppe shrubs and herbs are connected with 
pine- and partly mixed forests of Polessie. Among half-shrubs and her- 
baceous plants the following are met with: Calluna vulgaris (L.), Salisb, 
Vaccinium Myrtillus L., V. Vitis idaea L., Azalea pontica L. (only in the 
Volynian part of Polessie), Ledum palustre L., (swampy forests), Arctosta- 
phylos uva ursi (L.), Spr., Pirola uniflora L. P., secunda L., Chimaphila 
umbellata (L), Nutt., Linnea borealis L. and others. 

Many of the lower parts of pine forests are swampy here, and in 
this case under the pine canopy on the Sphagnum mossy carpet a vigo- 
rous growth of small shrubs is observed, being characteristic of these 
conditions; chiefly: —Ledum palustre L., Andromeda polifolia L., as well 
as different grassy plants, Eriophorum vaginatum L., and others (Dokh- 
turovsky, 17, Fomin, 76). 

Primary-podzolised soils with their different varieties are generally 
met under the pine and mixed forests of Polessie. The latter penetrate 
along the sandy second terraces far to the south. Thus, pine forests along 
the course of the Dnieper extend with small interruptions down to Kre- 
menchug (Paczoski 57) still more to the south along the river Samara 
is a considerable though isolated patch of pine forests (Akinfiev)- 
Along the river Donets pine forests stretch to the South-East, reaching 
the mouth of the tributary of the river Krassnaia. Far to the south together 
with pine foreSts we see penetrating a series of accompanying species 
for instance Pirola secunda L., as well as Sphagnum bogs with their 
characteristic species (Vaccinium Oxycoccus L., Drosera rotundifolia L., 
Carex lasiocarpa Ehrh., etc). In general the sandy lower river terraces may 
be considered as conductors of numerous northern species (and associ- 
ations) far towards the south, to the forest-steppe and steppe region 
(Lavrenko, 34, 37). 

Forests of the forest-steppe region of Ukraina, as to 
their geomorphology can be divided into the following types. 


A. Forests on Plateaus. 


1. Divide forests occupy elevated divides usually strongly eroded 
and cut by ravine valleys. These forests consist of deciduous trees and 
shrubs with the predominance of oaks and large quantities of Carpinus 
Betulus L. to the west of Dnieper. The soils belong to the group of secon- 
dary podzolised soils and are grey and dark, loamy and sandy-loamy forest 
soils, and degraded chernozyoms—on loess. On more ancient rocks such 
as Tertiary sands, Carboniferous sandstones, primary podzolised soils may 
be met with: sandy and sandy-loamy podzolised soils (G. Makhov, 50). 
This type of forest growth is sufficiently characteristic of the forest-steppe. 
Its southern limits coincide with the axis of the subtropical barometrical 
maximum. 
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2. Ravine forests(,balka*) are adapted to ravine slopes and as 
a rule do not extend over the neighbouring divides. The forests consist 
of oak, elm, etc., sometimes, with an admixture of Fraxinus excelsior L., 
Soils are the same, as in the above mentioned case. Except the forest- 
steppe region, these forests are met with in the northern part of the 
steppe region. 


B. Forests of river valleys !) (gallery forest). 


3. Forests on flood-plains 2) situated within the limits of the 
river terraces subjected to flood consist of deciduous species usually with 
a predominance of Quercus pedunculata Ehth, Fraxinus excelsior L., and 
Ulmus levis Pall., U. glaber Mill. Along small rivers, particularly on alka- 
line soils, predominate Ulmus glaber Mill. (U. campestris L.). 

4. Terrace-forests along the slope of the second terrace to the 
flood-plain consist of: Alnus glutinosa Gaertn. In this place, usually ground 
waters appear on the surface. The soils-are bog-soils occasionally with an 
accumulation of peat, formed by alder leaves and sedge. 

5. Pine-and mixed forests of sandy second river ter 
races (see above) chiefly consist of pine (Pinus silvestris L.) with an 
admixture of oak (Quercus pedunculata Ehrh.), in the transitional border 
to the following loess terrace. J. Paczoski proposed a similar subdivision 
of forests for the former Kherson government, (57). Many kinds of characte- 
ristical plants are connected with the oak, oak-elm and mixed deciduous 
forests. In spring when the trees have no foliage, the soil in these forests 
is covered with a motley carpet of ephemerous forest plants, chiefly bulbi- 
ferous and tuber plants. Particularly frequent are: Scilla cernua Red., 
S. bifolia L., Gagea lutea (L). K.-S., Corydalis solida (L) Sw., Ficaria 
ranunculoides L., Anemone ranunculoides L. and many others. In summer 
in the shadowy parts of the forest the herbaceous growth is considered to 
be rather poor in species; only shadowy broad-leaved forms are seen: 
Bromus Beneckeni Syme, Convallaria majalis L., Platanthera bifolia (L). 
Rich., Aegopodium Podagraria L. and others. z 

It is necessary to add a few words on the classification of Ukrainian 
forest types, given by Alekseyev (1) for the region to the west of 
Dnieper. This classification is interesting, being connected with the soil 
character. 

This author divides all the Ukrainian forests into the following fun- 
damental groups: I. Forests on dry soil: 1) pine-forests; 2) mixed pine- 
broad leaved forest; 3) mixed broad leaved forests; 4) oak-growths. II. fo- 
rests on damp soil: 5) alder growths (Alnetum); 6) swampy forests (forest 


1) Forests along the right primary river banks do not differ from ravine forests. 
2) Sometimes on the flood-plains especially in the South, groups of Populus nigra L. 
and P. alba L., and Salix alba L., are observed. 
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on Sphagnetum). Each group is subdivided into types; the fundamental 
feature of the subdivision of dry soil woods is the different degree of 
humidity of the soil. 

1. Pine-forests. The subsoil is represented by sands not less 
than 2 met. thick, without any interlayers of sandy loam or loam. The 
stand of trees is of pure pine sometimes with an admixture of birch. 
Undergrowth is absent. Soils are represented by coarse sands of diffe- 
rent types. 

To this group may be referred: a) dry pine forest with a liche- 
nous cover, species of Cladonia; b) Young pine forest, with green 
forest mossy cover of Hypnum Schreberi, Hylocomium splendens and 
others and with a growth of Vaccinium vitis idaea; c) moist pine fo- 
rest with the ground water level, on a depth of 70—200 cm., with a 
cover of green forest moss and of Vaccinium Myrtillus, d) wet pine 
forest with the ground water level still nearer to the surface, and plain 
signs of ,gley“ in the soil as in the preceding case; with a herbaceous 
cover of Vaccinium Myrtillus, Molinia coerulea (L), Moench and separate 
cushions of Sphagnum. 

2. Mixed pine-broad leaved forests. The subsoil is compo- 
sed of thick sandy loams or sands, underlain on a depth not less than 
2 met. by loams and clays. As a rule the pine is accompanied by oak, 
aspen and sometimes elms. In the undergrowth Cytisus or Corylus Avel- 
lana prevail. In the herbaceous cover—-a predominance of Pteridium aqut- 
linum (L) Gleditsch. May be differentiated: a) dry, b) fresh, c) moist and 
d) wet forests of this type. 

The indicated pine woods and mixed forests are mostly widely 
spread in Polessie, as well as on the sandy river terraces of the forest- 
steppe zone. 

3 Mixed broad leaved forests types of dry soil forests on 
loamy forest-soils with a loamy, clayey and loess subsoil of forest and 
forest-steppe zones. In these forests all the principal deciduous species, 
such as Quercus pedunculata, Fraxinus excelsior, Acer platanoides, Tilia 
cordata, Carpinus Betulus are equally developed. In the upper (first) story 
oak, ash-tree, in the lower (second) mountain elm or Acer campestre; in 
the undergrowth Corylus or sometimes no undergrowthr at all. 

4. Oak woods usually grow on degraded chernozyom (on the 
loess) chiefly in the forest-steppe. These growths are more light within 
than mixed forests. The oak prevails in the upper story. Well expres- 
sed is the undergrowth composed of various shrubs with the predominance 
of one species and also the herbaceous cover. This group is also subdi- 
vided into types, according to the degree of soil moisture '). 


1) A classification of oak woods of the European part of the Union is also given by 
Vysotsky (15a). 
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5. Alder growths (Alnetum) are settled on humid soils of low 
moors. Alnus glutinosa prevails. This kind of forest is formed when mixed 
forests get swamped or in places where strongly mineralised ground wa- 
ters appear. 

6. Swampy pine forests are a result of the swamping of pine 
forests or as a type, replacing Alnet’a. Pines predominate, sometimes 
mixed with birch. The mossy cover is composed of green mosses, admi- 
xed with Sphagnum, or else Sphagnum alone is present. With the subse- 
quent accumulation of Sphagnum peat the growth of the wood strongly 
deteriorates. 

The question of the genesis of Ukrainian forests will be treated below, 
Many authors are of the opinion that the scanty remains of the forests of 
Pliocene survived glaciation within the limits of the present forest-steppe 
region. Therefore, the modern Ukrainian forests appear to be the direct 
successors of the Pliocene forests Tanfiliev (75), Paczoski (56, 57), 
Nabokikh (54), Novopokrovsky (55), Aliokhin (2), Lav- 
renko (38, 39) and partly Fomin (76). J. Podpéra refers the deci- 
duous forests of the Ukrainian forest-steppe, to the group of relict forests 
(in the meaning applied by Korzhinsky). 

The centres of preservation of the Tertiary forest relicts in Ukraina 
are: 1) the Podolia-Volynian elevation, particularly the part nearer to 
the Dniester (Paczoski 56, 57), (Nabokikh 54), 2) the southern 
limit of the Central-Russian elevation (Lavrenko 39); 3) the Donets 
Ridge (Tanfiliev 75), (Novopokrovsky 55), Lavrenko 38). 
Many forest species with interrupted areas are connected with the above- 
mentioned regions. The most interesting facts of this kind only will be 
mentioned here: within the limits of the first region of Tertiary survivors 
we meet shrubs such as Evonimus nana MB, with exceedingly interrupted 
area: 1) Podolian elevation; 2) Pre-Caucasia; 3) Western Tian-Shan, Altai; 
4) South Mongolian Mountains; 5) Western China. Here in the Volynian 
Polessie, which had not been covered with glaciers, we meet Azalea pon- 
tica L, which is also known in a few isolated places in Poland and Galicia, 
as well as in the Caucasus. Dentaria glandulosa W. K., growing in this 
residual district, as well as on the Carpathians reappears only on the Altai. 

Within the limits of the second asylum region two species may be 
mentioned common with the Balkan Peninsula: Orobus variegatus Ten, 
and Coronilla elegans Panc. (Lavrenko 38). The first species is met 
with in two places: in the neighbourhood of Kharkov and after a long 
interruption on the Balkan peninsula and within the limits of former 
Austria-Hungary. The second one beside the Kharkov district has been 
encountered by Paczoski in near to the town Ananiev (Dniester region); 
and on the Carpathians. 

For the third region of the Donets Ridge two isolated forest tracts 
were mentioned above of Carpinus Betulus. Particularly interesting is the 
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isolated patch in the forests ot this Ridge of Symphytum tuberosum L, 
which is rather widely extended in the mountain forests of central and 
Southern Europe. The Donets Ridge appears to be the place of many 
isolated forest tracts of a series of species encountered in the Caucasus 
and in Asia Minor. 

Deciduous forests in the mentioned regions, had to survive, rather 
severe conditions connected with the glacial age probably in favourable 
places (deep river valleys, ravines) on outcrops of older rocks such as 
Carboniferous sandstones, Cretaceous Lower Tertiary sands and Sarmatian 
limestones (G. T anfiliev (75);G. Makhov, (50); E. Lavrenko (38). 

From here these forests during the last Post-giacial stage invaded 
the loess covered areas of the prehistorical steppes. Similar movements 
probably took place also in interglacial ages. Thus it is proved, that in 
the region of the recent Ukrainian forest-steppe, soils buried in the loess, 
bear not only the character of chernozyoms, but frequently that of forest 
podzolised soils (Nabokikh, 54; Makhov, 45). According to the 
recent views of Krokos, the fossil soils may be referred to the inter- 
glacial times. Therefore the limits of the forest-steppe and steppe zones 
of the interglacial time coincided with the present ones. 


4. The Steppe. 


Directly south from the Polessian region, the steppe loess plains 
begin. They extend to the south as far as the Black and Asov Sea shores. 
In the northern part of the general steppe zone ddciduous 
forests occur, particularly more abundant in more elevated regions (see 
above), and therefore this region presents the forest-steppe be lt 
subzone. Southward of the forest-steppe belt, forestless steppes extend, 
representing the true steppe belt (su bzone). 

The development of the herbaceous steppe plants during the vege- 
tative period (from April to September) will be described further. The 
steppe of the Azov region (Lavrenko, 36) will be taken as an example: 
six principal periods may be differentiated in the development of the 
steppe flora of the Asov steppes. The general aspect of the steppe during 
these periods is entirely different. These (Aliokhin) periods are the 
following: 

1) (2/2 March—1/2 April) Multicoloured little flowers (white with 
little violet veins) (Crocus variegatus Hoppe et Horusch) are dispersed 
among the frozen-off parts of last year’s plants, chiefly grasses. 

2) 2/2 April—1/2 May) the steppe gradually begins to turn green, 
as the grasses and later on the blooming dicotyledons give rise to their 
leaves and stalks. At the beginning of this period multi-coloured, white, 
yellow of numerous shades, violet blue, etc. patches (/ris pumila L) are 
scattered all over the steppe. At the same time the yellow Potentilla 
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opaciformis Th. Wolff, blue Viola ambigua WK, and the violet Vinca 
herbacea WK begin to blossom. Somewhat later the yellow Adonis wol- 
gensis Stev. blooms, white or pink Orobus albus L. f. rosy Valeriana 
tuberosa L. Moreover during this period the steppe sedges bloom: Carex 
supina Wahlenb., and C. Schreberi Schrk., as well as the steppe ingredients 
(see further on)—Ranunculus orthoceras B. and H. Alyssum minimum 
Willd., Androsace elongata L., Veronica verna L., etc., in the second 
part of this period there are relatively few of the blooming dicotyledons, 
but a rapid growing of steppe grasses can be noticed.’ In the beginning 
of May, Poa bulbosa L. throws up its panicles with small bulbs. 

3) 2/2 May—1/2 June is the period of blooming of steppe grasses 
and numerous dicotyledons. During this period the multicolour steppe 
cover reaches its acme. Among the grasses, Stipa Lessingiana Trin. et 
Buhr. predominates, while S. Tirsa Zalessky 1) is much less met with, 
but other grasses are also blooming in abundance: Festuca sulcata Hac- 
kel, Koeleria gracilis Pers., Bromus erectus, riparius (Rehm) Pacz. Poa 
pratensis augustifolia L. Among the dicotyledons particularly abundant 
are the blue groups of Salvia mutoms L. and violet globes of Vicia 
tenuifolia Roth., which with the white awns of the Stipa play a conside- 
rable réle in the landscape. Moreover we see the blossoms of the white 
Filipendula hexapetala Gilib in depressions and of the. Stachys recta L., 
Arenaria graminifolia Schrad., the yellow Oxytropis pilosa (L)., DC the 
sky-blue Centaurea axillaris Willd., the red Jurinea arachnoidea Bunge, 
the yellowish green Euphorbia glareosa MB, and many others. 

4) 2/2 June—1/2 July. At this time grasses which have bloomed 
during the last period bear fruits, feather grasses lose their plumes and 
dry as they stand. It is the period of the blooming of an original biolo- 
gical type of plants; the character of the branching of which gives them 
a globular shape *) such as the grey balls Gypsophila paniculata L., the 
red Phlomis pungens Willd., the whitish-pink Serratula xeranthemoides 
MB., the blue Statice latifolia Sm. the pink Goniolimon tataricum (L) 
Boiss. Besides many Compositae are in full bloom: Centaurea Scabiosa ng 
C., orientalis L., Serratula radiata MB., The reddish flowers of Salvia 
nemorosa L., play a considerable réle in the aspect of this period. 


1) At present this feather grass is described by P. Smirnov (63) as Stipa Ucra- 
inica. P. Smirnov, and by D. Vilensky, as S. Zalessky, D. Vilensky. The sizes of these 
two forms are however different. Until the question is solved we still hold to the old name 
used by K. Zalessky. 

2) After the ripening of fruits the stalk drys and separates from the root and the 
whole plant is removed by the wind. According to Vysotsky (15a) lower places, remaining 
longer under water are occupied by a vigorous growth of Salix, with the elevation of the 
locality Populus nigra is added, forming a region of its predominance, still higher we see 
the prevailence of Ulmus leve and finally, over ridges and borders of flood-plains, reigns 
the Quercus pedunculata. 
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5) 2/2 July—1/2 August. This is the period of Stipa capillata L, 
yellowish green with a silvery shade, its awns play the first role in the 
aspect of this period. Moreover during this period the Umbelleferae are 
blooming, chiefly the yellow Ferula Ferulago L., and the white Libanotis 
montana All(mostly in depressions), Senecio macrophylius MB with its yeilow 
flowers is also characteristic for lower places. In the middle of August a 
semiparasite bloom, the Odontites lutea Rchb., also with yellow flowers. 

6) 2/2 August—1/2 September. This is the period of the withering 
stage of the steppe. Few of the species of the preceding periods cease 
blooming; the beginning of flowering we see only at thickly pubescent 
grey xerophytes Artemisia austriaca Jacq., and Linosyris villosa DC. 
This is the picture of the development of the Steppa Stipacea during the 
vegetative period. 

Two phytosociological types may be differentiated in the vegetation 
of the steppe: components (which prevail) and ingredients 
(Vysotsky, 15, Paczoski 58). To the components may be referred 
grasses which compose the fundamental mass of the grass stand and also 
the numerous dicotyledons. To the ingredients—the annual plants (the 
above mentioned and others: Bromus squarrosus L., species of Echino- 
spermum, Bassia sedoides (Pall). Aschers, etc., and biennial herbs growing 
between the components. During the dry years, when the components, 
particularly the perennial grasses, are of a rather weak development, 
ingredients, on the contrary may develop in big quantities (Pac zoski, 58). 

The necessity of paying great attention to the character of the root 
system and vegetative renewal, when studying the steppe types was 
pointed out by Vysotsky (15). Thus for steppes of the South Euro- 
pean part of the Union he gives the following ecological and phytosocio- 
logical classification (the so-called ,social classes‘ of Vysotsky) of the 
steppe dwellers: 


A. Prevalides (components, according to Paczoski). 


1. Xylophors (shrubs and half shrubs), overground parts perennial 
and ligneous. 

Caragana frutex (L)., C. Koch., Amygdalus nana, L., etc. 

2. Long rhizome plants—possess a long underground root 
such are: Carex Schreberi Schrk. C. Stenophylla Wahlenb., Gnula Oculus 
Christi L., etc. 

3. Short rhisome plants—underground roots are shortened— 
such are: Bromus erectus riparius (Rehm) Pact., Allium florescens Bess. 
and others. 

4. Sods. The plants shortened shoots are strongly pressed, to each 


other, forming a solid sod. Such are: the majority of steppe grasses species 
Koeleria, Festuca, Stipa. 
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5. Head-root plants possess one head root, which 
give shoots of roots (do not possess a vegetative ability). Such a 
rous dicotyledons: Arenaria grouninifolia Schrad., Dianthus | ep 
Willd., Euphorbia Gerardiana Jacd., Eryngium campestre L., G 
tartaricum (L). Boiss. and many others. 

6. Root shoot plants: Vegetative reproduction Proceeds by m 
of root shoots Such are: Jurinea linearifolia DC., Artemisia austriaca Jacg., 
and others. | 

7. Bulbaceous and tuberabulbaceous plants:—7ulipa Schrenjj 
Regel, Alium Paczoskianuuw Tusz., Crocus variegatus Hoppe et Horusch, 
and others. 
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B. Ingredients. 


8. Biennial. Onosma tinctorium MB.. Salvia Aethiopis L., 
Serratula xeranthemoides MB. ! 

9. Spring wintering annuals a) early—Alyssum minimum 
Willd., Androsace elongata L., b) later ones, Bromus squarrosus L., Pog 
bulbosa L., Arenaria serpyllifolia L. 

10. Wintering annuals. Lepidium perfoliatum L., Gypsophila 
muralis L., Echinospermum patulum Zehm., and others. 

11. Spring annuals. Ceratocarpus arenarius L., Bassia sedoides 
(Pall.) Aschers., Polygonum patulum M. B. and others. 
12. Parasites. Species of Cuscuta and Orobanche. 


C. The Lower plants. 


13. Mosses. Jortula ruralis (L.) Ehrh. 

14. Lichens and algae; Species of Nostoc, Cladonie and others. 

15. Fungi. 

M-me G. Poplavskaya and V. N. Sukachev have proposed 
a phytosociological classification of the steppe plants, based only on the 
phytosociological principle. ; 

A considerable part of the virgin soil existing at the present time, 
is utilised as pastures of cattle. If the pasture is utilised too intensively, 
the vegetative cover of the virgin soil steppe undergoes some gp 
called (by Vysotsky, 15), ,Pastoral digression” One re e's 
for steppes of the Black-Sea coast the following stages a P atte ar ae 
Sion are established; 1) the stage of a moderate pasture, In ahs fadin 

: the stage 0 g 
components of the steppe cover are preserved; 2) Sulcata; 3) the stage 
of the Stipae, the latter being replaced by Festuca psiene rape in 
of reduction, with the predomination of Poa bulbosa, ie 

reduction, , ardiana Artemisia austriaca 
Spring; in summer here prevail Euphorbia eee tage of pasturage, j 
and other plants uneatable for live-stock; 4) : 7 tari te a 
which annual-weeds, or half-weeds, chiefly Atriplex ataricum L., and 
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Polygonum aviculare L., predominate. After the cessation of pasturage the 
reverse process may be witnessed that of the renewal of the normal steppe 
cover, or process of demutation (G. Vysotsky, 15). 

The character of the vegetation of the steppe cover within the limits 
of Ukraina alters from N. to S. and partly from W. to E. The question 
of the classification of steppes was often discussed in Russian and Ukrai- 
nian botanical literature. The classification of the steppes of the European 
part of the Union is more or less systematised by A. Krasnov (3la), 
B. Keller (22, 23), W. Aliokhin (3, 4, 5), G. Vysotsky (15), 
K. Zalessky (20); J. Novopokrovsky (55), D. Vilensky (12). 
Questions concerning the subdivision of steppes according to their types, 
were treated in the Ukrainian literature by J. Paczoski (58), A. Ya- 
nata (81); E. Lavrenko (36). The author of this paper, together with 
B. Keller (23), is of the opinion that no real classification of 
steppes exists, as such classification requires a deep study, and more 
minute descriptions. Moreover it should be closely connected with the 
soil mass. ,Deprived of this connection, the botanical observations upon 
the few remaining districts of virgin steppe have no geographical value 
whatever‘. B. Keller (23), (Makhov) (8), Lavrenko (51). 

Within the limits of Ukrainian steppes in general, the following soil 
subzones may be differentiated, Makhov (45, 48). 


A. Forest-steppe. 


1. Northern chernozyoms, occupying an area south from the 
southern limit of Polessie. 

9. Thick chernozyoms of the forest-steppe. An isolated 
district covered by these soils has been discovered on the summit of the 
Donets Ridge. 

B. Steppe. 

3 Ordinary (medium) chernozyom with the variety of Azov 
chernozyom in the east of the Azov part of the Black Sea depression. 

4. Southern Chernozyom. 

5. Chestnut chernozyom, in the extreme south of the Ukraina 
(bearing 4 great likeness to the dark chestnut soils) partly in complex 
with alkali-soils. 

The classification of the steppe types of the Ukraina must be con- 
nected with the soil characters. However, the following conditions must 
be taken into consideration: the distribution of the above-mentioned 
ecologo-phytosociological types over different types of the steppes (Vy- 
sotsky) and the ecology of steppe components within the limits of each 
type of steppe (Zalessky, 20) placore ') species, and placore commu- 


1) Term used by Russian pedologists for the conditions of smooth plateau. 
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nity (Aliokhin 5) composition of the vegetation of steppes 1 the 
whole (eastern and western species). ‘ 

The fact of the Ukrainian steppes being unsufficiently investigated, 
is a considerable drawback in the construction of a proper classification. 
The greatar part of the existing data refer to the South Ukrainian step- 
pes of the Black-Sea and Azov regions (J. Paczoski, 58; A. Ya- 
nata, 81; K. Zalessky, 20; W. Taliev, 69; E. Lavrenko, 36). The 
least investigated seem to be the Eastern steppes (G. Tanfiliev, 73, 745 
G. Shiriaev, 78; W. Taliev; K. Zalessky, 20). The steppes of 
the former Poltava government are almost unknown (A. Krasnov, 30). 
Within the limits of the whole forest-steppe zone, very scarce data exists 
only on the virgin land of Kapnist in the northern part of the Kharkov 
government (A. Krasnov, 31; G. Shiriaev, 79). Thus there is almost 
no data on the character of the vegetation covering the thick cherno- 
zyoms of the forest-steppe (see J. Sprygin, 65). 

A very important feature for the classification of steppes is the 
distribution of Stipa, given below. 

Stipa capillata L., grows within the limits of the whole of the steppe 
zone. In more or less considerable quantities, however, this species can 
be found in the steppes of the southern border of the thick chernozyom’s 
region and particularly in the region of the medium and southern 
chernozyoms. ; 

S. Joannis Czelak. Principally in the thick chernozyom region. The 
region of this species does not extend further than the southern limit of 
the medium chernozyom subzone, if the growth of S. Joannis Czelak. 
On sands and granites is not taken into consideration. 

S: Graffiana Stev. This species is characteristic of steppe shrub- 
beries and rocky outcrops. 

S. dasyphylla Czern. Comes into Ukraina from the East; occupies 
the southern border of the thick chernozyoms region and chiefly that of 
the medium chernozyoms. 

S. stenophylla Czern. Covers exclusively the thick and medium cherno- 
zyoms; may be encountered on Azov chernozyoms only in depressions. 

S. Tirsa Zalessky. Over the right river banks — only in the region 
of southern and chestnut chernozyoms; over the left bank, however, 
penetrates deeply into the region of the ordinary chernozyoms. 

S. Lessingiana Trin. et Ruhr. \ts northern limits coincide with 
the southern limit of thick chernozyoms; chiefly covering southern 
and chestnut chernozyoms; in this case the northern limit of Stipa Les- 
singiana, approximately coinciding with the axis of the subtropical baro- 
metrical maximum is of a particular importance, as many steppe plants 
POSsess a similar northern boundary of distribution. 

The classification of G. Vysotsky; K. Zalessky, and J. Novo- 
POkrovsky, have arisen from the above-mentioned classifications being 
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based on Ukrainian data. The latest classification constructed by W. Aliok- 
hin (3, 4, 5) is considered to be most similar to that of these authors, 
as also the scheme below, composed by the author of this paper. 


A. Forest-steppe subzone. 


1. Steppa latifolio—graminea florida *) extends from the southern 
limit of Polessie to the southern limit of divide forests (to the northern 
limit of Stipa Lessingiana). Their southern limit passes through the fol- 
lowing towns. Ananiev, Zinovievsk, Alexandria, Poltava, Zmiov, Vol- 
chansk. Two variations: 

a) the Northern which seems to be connected with the northern 
chernozyoms, Information concerning this type is very scarce. Refferring 
to the S. E. part of the Chernigov government (Borzen and Konotop 
districts) J. Sprygin (65) writes: ,taking into consideration the extremely 
undulating relief, of the steppe in these two districts, and the resulting 
frequent change of the conditions of moisture, | have come to the conclu- 
sion that the virgin vegetative cover of these regions represented a spot- 
ted fantastic ornament—a complex of grassy communities, the chief 
members of which are; 1) marshes, with Glyceria fluctans and Beckmannia 
eruciformis, 2) meadows with Agrostis vulgaris; 3) meadows with Festuca 
rubra; 4) transitional meadow-steppes with Festuca sulcata and Koeleria 
gracilis and eventually; 6) steppe with Stipa capillata‘. This author is of 
the opinion that ,on these soils as well as on the vegetative cover, lies 
the imprint of climatic conditions, less favourable for the existence of 
the steppe flora and the formation of chernozyoms in comparison with 
the climatic conditions of more southern steppes‘. It is probable that 
,in the formation of some varieties of local chernozyoms the meadow 
vegetation played a certain part“. On the vegetation of the northern cher- 
nozyom of the right bank — no information exists; 

b) the Southern variation connected with thick forest steppe 
chernozyoms. The data on this type are also very scarce, and refer only 
to the left bank region (A. Krasnov, 31; G. Shiriaev, 79). The cha- 
racteristic features of this type are as follows: 1) an abundance of dico- 
tyledons (chiefly top-rooted), many of which grow on meadows, the 
so-called ,meadow-steppe* species According to Zalessky’s—excursion 
note-book, on the virgin soil of the Sumy district in 2/2 May—1/2 June, 
Salvia pratensis and Pedicularis comosa L., create the coloured back- 
ground; 2) abundant development of Graminae latifoliae with rhizomes 
(Arena pubescent L., Poa pratensis L., Bromus erectus Huds), and an 
insignificant quantity of ingredients. Among Graminae forming a dense 


1) This type with two variations may be referred to the Northern steppes of 
Aliokhin; the others —to his Southern steppes. 
6* 
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sward the following species are encountered. Festuca sulcata Hackel and 
Koeleria gracilis Pers; feather-grasses: Stipa Joannis Czelak; S. ste- 
nophylla Czetn., S. capillata L., Within the limits of this type of steppe 
abundant small depressions are covered by a meadow paludinous vegeta- 
tion (A. Krasnov, 30 (for Poltava government). Shrubberies consisting 
of Prunus spinosa L. P. fruticosa Pall., and Cytisus austriacus, L., the 
latter growing also on the Steppa festucaceo-stipacea florida. 


B. True Steppe-Zone. 


2. Steppa festucaceo-stipacea florida ‘) connected chiefly with the 
medium chernozyoms. The southern limit passes along the line—Tiraspol— 
Vosnessensk—Krivoi Rog—Zaporozhiye—Alexandrovsk and descends further 
southwards to the Azov Sea coast passing close to ‘the Western part of 
the Berdiansk—Mariupol elevation. The following plant associations are 
characteristic of these steppes: 

1) an abundant development of Graminae forming a dense sward 
Festuca sulcata, Koeleria gracilis; species of Stipa, chiefly Stipa steno. 
phylla, S. Eessingiana and S. capillata; 

2) abundant development of dicotyledons, absent or almost absent, 
in the preceding type of steppes, for example: Paeonia tennifolia, Adonis 
wolgensis Stev., Inula Oculus Christi L., Inula germanica L., Centaurea 
orientalis L., (partly), C. trinerreia Steph and many others). Most charac- 
teristic is the abundance of globe-like plants Crambe tatarica Jacq., 
Statice latifolia Sm., Soniolimon tataricum (L.), Boiss, Phlomis pungens 
Willd; 

3) still many broad-leaved Graminae with rhisomes. Bromus erectus 
riparius (Rhem) Pacz, Poa pratensis L., Agropyrum glaucum (Desf) Boem; 

4) appearance of ingredients. Besides the above mentioned shrubs 
very characteristic for these steppes is the appearance of: Amygdalus nana 
L., Caragana frutex (L.) Koch., Calophaca wolgarica Fisch (only in south 
eastern Ukraina). 

On the elevated Donets Ridge, over thick chernozyoms on loess, we 
meet a peculiar variety, consisting of many dicotyledons characteristic of 
more northern steppes-—-Donets moistened variety of K. Zales- 
Sky (20). Stony steppes on the Donets Ridge are widely spread on 
thin chernozyoms formed on the products of weathering of Carboniferous 
Schists and sandstones. Over this variety of chernozyoms a growth of 
Graminae forming a dense sward Festuca sulcata and Stipa capillata, also 
the presence of different species characteristic of denudations — Dianthus 


") To these is refered. Stipetum latifolium (G. Vysotsky, 15) Festucato-stipetum 
floridum (K. Zalessky, 20) Festucato-stipetum floridum, variety of southern steppes 
(W. Aliokhin, 5) northern (forest-steppe), steppes of the Kherson gvt (J. Paczosky, 58) 
and meadow shrubbery steppes of the Melitopol district (A. Yanata, 81). 


carbonatus klokore, Teucrium Polium L., Cephalaria uralensis (Murr) 
R. et Sch., Achillea leptophylla MB. 

On the extreme S. E. of Ukraina in the region of the Asov cher- 
nozyom a peculiar variety of this type of steppes is observed — the 
Azov variety (K. Zalessky, 20), J. Novopokrovsky, 55: E. Lav- 
renko, 36. A predominance of Stipa of the Steppa festucaceo-stipacea 
stenophylla is characteristic of the Asov steppes, also an abundance of 
dicotyledons of the association of the Steppa festucaceo-stipacea florida. 
Some dicotyledons in the Ukraina are chiefly encountered in this variety 
of Steppa festucaceo-stipacea florida —as for example: Calophaca reol- 
garica Fisch., Centaurea axillaris Willd. 

3. Steppa festuceo-stipacea stenophylla ') connected with southern 
and probably chestnut chornozyoms (G. Makhov, 45, 48). The fol- 
lowing associations are characteristic of this type: 1) a predominance 
of stenophylla xerophytic Graminae forming a dense sward (Festuca 
sulcata, Stipa capillata, S. Lessingiana, S. Titsa; 2) almost entire 
absence of Graminae latifoliae; 3) small quantity of dicotyledons and 
different herbs in general; though some types of the latter grow only 
on these steppes: for instance, Dianthus gutatus MB, Trinia hispida 
Hoffm. (partly) Cachrys odontalgica Pall. (on the extreme south.), Achillea 
micrantha MB., Carduus uncinatus MB. (also on the southern cherno- 
zyoms of the East Ukraina) and some others; 4) abundant development 
of ingredients (chiefly Bromus squarrosus L., Eragrostis minor Host, 
Trifolium arvense L., and others), producing a thinning of the grassy 
cover of these steppes, due to the drynesss of the climate J. Paczo- 
sky (58), differentiates following varieties. a) the northern rich in 
dicotyledons, more characteristic of meadows; to this type may be probably 
refferred meadow-like Stipa steppes (A. Yanata (81) and b) the sou- 
thern one with a greater quantity of xerophytes with an uniform vegeta- 
tion (typical Stipae steppes should be referred to this variety). A. Ya- 
nata, 81). 

For the southern variety on the left bank (the former Dnieprovsk 
district of the Taurida gvt.) the presence of alkali-soils among chestnut 
chernozyoms (chernozyom alkali-soil complex) is characteristical. 

The vegetative cover of the Steppa festucaceo-stipacea stenophylla 
when compared with that of more perfect steppes, is characterised by 
a thinner growth: lichens are to be found here, such as Cladonia foliacea 
(Huds) Schaer and others, in the interstices between the grasses. 

Along the Black Sea and Sivash coasts extends a narrow strip of 
Deep columnar alkali-soils, occupied by associations with a pre- 


1) To this type is referred: ,Stipetum gramineum* (S. Vysotsky) Festuceto- 
stipetum stenophylla(K. Zalessk y, 20) southern (Black-sae coast) steppes (J. Pac zosk ¥) 
and further described steppes (A. Yanata). 
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dominance of Artemisia maritima salina Keller, Festuca sulcata and 
Stipa capillata (E. Lavrenko, 37; G. Makhov and E. La- 
vrenko, 51) 4). 

The vegetative cover of deep columnar alkali soils however is still 
more thinned. The ground is usually covered by mosses — 7ortula rularis 
(L.) Ehrh. —and lichens (Cladonia rangiformis Hoffm. and others). On the 
very coast still a narrower strip of coastal wet salines is disposed 
with a predominance of thickets consisting of Halocnemum strobilaceum 
(Pall) MB., Obione verrucifera MB., Salicornia herbacea L.; Guaeda 
maritima (L.), Dumort and other galophytes. 

With the region of extension of Steppa festucaceo-stipacea steno- 
phylla is connected the presence of large but shallow depressions the so- 
called ,pods*. Pods of the sea-coast are occupied by salines. More distant 
pods are deprived of salts. The latter if they are deep enough become 
covered by meadow in humid years, or meadow-paludinous flora up to 
Butomus umbellatus L., Potamogetan fluitans Roth and others. In dry 
years, on the contrary, pods are covered by meadow-steppe flora, with 
a predominance of Festuca sulcata and transitional meadow-steppe dicoty- 
ledons. They are characterised by the presence of: Agropyrum repens 
pseudocaesium Pacz.and Centaurea inuloides Fisch. (endemic of the S. E. 
of the European part of the Union). 

The above mentioned types of steppe, except the coastal strip of 
alkali soils and salines, are certainly ranged according to climatic condi- 
tions in concordance with the decrease of rainfall and simultaneous 
increase in evaporation in the direction of the South. 

J. Paczoski, (56, 58) and A. Yanata, 81), consider the small 
diversity in species and the relative simplicity of phytosociological struc- 
ture of the Black Sea steppes to be a result of the youth of this ter- 
ritory. However, already G. Vysotsky (15) criticised this point of view 

et pointed out the climatical reasons (dryness) of this phenomenon. 
G. Makhov (45, 47), also showed that all the loess steppes of Ukraina 
are of the same age; everywhere the upper loess horizon synchronical 
with the last glaciation represents the parent material. The appearance 
of ,half-desert Steppa Artemisiae“ of the sea coast (Paczoski, 56, 
97, 58) is due to purely edaphic reasons—the appearance of salts in the 
local soils and subsoils of the sea (E. Lavrenko, 37). 
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1) It is very likely that the true type of Steppa festucaceo-stipacea cinerea with an 
abundance of grey xerophytes of semi desert, such as Artemisia maritima incana Keller and 
Pyrethrum achilleifolium MB (K. Zallesky, 20) characteristic for semi-deserts with light 
chestnut and brown soils—do not exist in Ukraina—K. Zalessky points out the Festuceto- 
Stipetum cinereum in the extreme south of the Ukraina (south eastern part of the former 
Kherson district and southern part of the Dnieprovsk district). The author of this paper, 
however, considers the steppes of the above mentioned districts to belong to the type of 
Steppa Artemiseto-Graminea on alkali soils. 
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The flora of denudations. 


Within the limits of Ukraina denudations of the following character 
are principally met with; 1) loess-everywhere in the forest-steppe zone; 
2) chalk in the Donets basin North of the Donets Ridge; small outcrops 
in the southern part of the ridge; 3) Tertiary limestones region of depo- 
sits of the Sarmatian and Pontian Seas in the south of Ukraina; 4) gra- 
nite (Podol-Asov horst); 5) sandstones sandy schists (Donets Ridge). 

Denudations are encountered along steepy river-valley banks and 
ravine slopes and often occupy a considerable place in the lands cape of 
the country. Several authors (chiefly W. Taliev, 70) consider that many 
denudations are due to the activity of man, as for instance: destruction 
of chernozyom soil on slopes, by means of intensive pasture. This point 
of view may be right in relation to denudations of limestones, chalk and 
schists, but it cannot be applied to the granite and sandstones denuda- 
tions. 

Besides the diversity of steppe forms, that are constantly met with 
on denudations, a considerable quantity of species is peculiar exclusively 
to denudations. ; 

The flora of loess denudations presents the least interest in 
respect to the peculiarity of the species, as it is composed of weeds, and 
of ordinary calciphyllous steppe dicotyledons, as Salvia nutoms L., Less 
frequently on loess are encountered forms common. to limestones and 
chalk, for instance Linum tauricum Willd, Polygala Sybirica L., P. hyb- 
rida DC. 

The flora of chalk and limestone denudations possess many common 
features. A whole series of calciphyllous plants are encountered on denuda- 
tions of both kinds. Gypsophila altissima L., Silene supina MB,, Potentilla 
taurica Willd., Astragalus sabalatas MB., Ephorbia petrophila C. A. M., 
Pimpinella Tragium Vill., Onosma simplicissimum L., Jurinea stoecha : 
difolia D. C., and others. Some of these species pass over to denudations 
of other rocks. Whole series of plant species of chalk denudations 
appear to be specific chalk endemics of the S. W. European part of the 
Union. Within the limits of Ukrainia the following species are encountered. 
Silene cretacea Fisch., Matthiola fragrans D. C., Erysimum cretaceum 
(Rupr.) Schmahl., E. krynkensis, E. Lavr. (basin of the river Mius), /7ys- 
sopus cretaceus Dub., Scrophularia cretacea Fisch., Linaria cretacea 
Fisch., and Artemisia hololeuca MB., The greater part of these species 
occur in the Donets river basin and only Erysimum krynkensis E. Lavr. 
is growing in the Mius river basin (northern periphery of the Donets 
Ridge). It is of interest to note the presence of the Alpine-mountain 
species of Androsace villosa L. (Taliev) on several chalk denudations 
along the rivers Oskol and Volchia. 
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The flora of denudations of Tertiary limestones, 
is less peculiar. Several species, however, are peculiar almost exclusively 
to this substratum. Very typical of limestone denudations are the follo- 
wing two species, met also in Crimea. Koeleria brereis Stev., Genista 
scythica Pacz., In Ukraina these two species seem to occupy two isolated 
patches of area on the right bank in the Kherson district and on the left 
bank in the Azov district. On the right bank two endemics of Tertiary 
limestones are growing. Cytisus Scrobiszewski, Pact only in the valleys 
of the rivers Ingul and Ingulets. (J. Paczoski 58). Subc. graniticus 
Rehm, (M. Kotov 29) and Pyrethrum odessanum Klokov ‘). 

The flora of granite denudations is to be noted for its 
peculiarity. Besides more trivial forms of denudations and some species 
passing on to sands, as Cerastium Schmalhauseni Pacz., Sedum acre L., 
Achillea pectinata Willd on the right bank, (J. Paczoski 58), many 
species characteristic for this substratum are met with in Ukraina. Among 
them within the limits of the Podol-Azov horst are encountered in clefts 
the following species: Asplenium septentrionale Hoffm. A. Trichoma- 
nes L. *), Polypodium vulgare L. On the right bank part of the horst 
(government of Kherson) following species are growing exclusiely on 
granites. Seseli glaucum Jacq., Silene compacta Fish., Tunica prolifera 
Scop., Stachys augustifolia MB. (J. Paczoski 58). 

On the right bank part of the Ridge only one local endemic of 
granite denudation is observed growing along the Bug and Ingul rivers. 
Dianthus hypanicus Andrz, (J. Paczoski 58). 

A still greater quantity of endemic ferns %) has been lately discovered 
within the limits of the Berdiansk-Mariupol crystalline massif (left bank 
part of the horst). To this region the following remarkable ,granite“ 
endemics are peculiar in the ,Kamenye Mogily“ (,stony graves“) Achillea 
glaberrima Klokov (N. Klokov, E. Lavrenko 25), and Centaurea 
pseudalencolepis Kleopov (G. Kleopov, 24); along the river Kalmius 
Erodium Beketovi Schmalh. (E. Lavrenko, 36, Kleopov, 24) and 
Thymus graniticus., Klok et Desjat Schost., (M. Klokov) and along the 
tiver Kalchek—Thymus pseudograniticus Klok. et Desjat-Schost (ibid). 

On the Kamenye Mogily is also found an arctic-alpintype. Woodsia 
alpine Gray (G. Kleopov, 76). 

As to the flora of denudations of Carboniferous sand- 
stones and schists of the Donets Ridge, it consists of more trivial 
Species peculiar to the denudations of other rocks, and only the Crimea- 
Caucasian Species—Scrophularia rupestris MB., is characteristic exclusi- 
vely of limestones and schists denudations in Ukraina. 


") Diagn, in Indesc. sem. q. Hort. Bot. Charik, p. mut. comm. otf, 1926. 


*) Both of these species of ferns are also growing over sandstones of the Donets Ridge. 
*) With extremely limited areas. 
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Thus, the composition of the denudation flora of the mentioned 
rocks is extremely original. The question of the genesis of this flora is 
now to be studied in the immediate future, so much the more, that 
endemics of Ukraina and in general of the South European part of the 
Union are chiefly peculiar to denudations. 

It was pointed out by W. Taliev, (70), that as regards the appar- 
tainance to this or that flora, the vegetation of denudations of the South- 
East European part of the Union may be related to the flora of countries 
lying to the east, south and south-east from Ukraina, i. e. mostly to the 
countries of the eastern part of the Mediterranean region. 

Very probably this point of view may be applied to the vegetation 
of all Ukrainian denudations. In regard to the flora of chalky denudations 
W. Taliev, (70) considers that favourable conditions for settlements of 
corresponding species, have been created by man, by means of cuttings 
of wood on chalky subsoil and destruction of steppe vegetation and soil 
by means of intensive pasture on slopes; moreover the activity of man 
has been the means of transportation on to denudations, frequently from 
distant countries —of seeds and fruits of the species which possess at 
present a very interrupted spreading. According to his point of view 
endemics of chalky denudations, have arisen from local aborigines and 
of foreign species, transported by man. At the present time, however, 
when it is shown that similar endemism in Ukraina is peculiar to denu- 
dations of various rocks including granite, in the creation of which 
denudations man did not play any part, this antropomorphous point of 
view must be abandoned. 

It is necessary to point out that many species which are preglacial 
relicts are connected with denudations, (D. Litvinov, 40, 41; J. Pa- 
czosky, 50, 58). To these species the following must be referrad. 
Leontice altaica Pall., occuring in: 1) Dobruzha, 2) grassy places, granite 
denudations in the former Kherson gvt., 3) Altai, Schiverpckia Podolica 
Andrz., encountered on chalk and limestone rocks of: 1) the Podolian 
elevation; 2) the Central Russian elevation; 3) the northern part of Donets 
Ridge near the vill. Serebrianka, 4) Zheguli, 5) southern and central Ural, 
6) Asia Minor (Anatoly). Daphne Sophia Kalenicz is found in few places 
in shrubberies on chalky soil in Kharkov, Voronezh and Kursk gvts. 
Related species are met with: Daphne altaica Pall., in Altai; D. caucasica 
Pall in. Caucasus (W. Taliev, 71, M. Klokov, and J. Kot ov, 27). 
Cymbaria borysthenica Pall., is growing on stony limestone slopes and 
grassy slopes in few places of the southern Ukraina (endemics), other 
species of this genus are to be found far east from here—in Asia. The 
above mentioned species and their relatives are of ancient origin as it is 
proved by their interrupted spreading. 
is oe en aaa probably several stages may be discerned. 

elements are mentioned above. During the dry periods 
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of deposition and of accumulation of loess formation one or the other 
groups of species migrated into Ukraina, chiefly from the arid semi desert 
countries of the western part of the Mediterranean region, as well as from 
Central Asia; far example, Eurotia ceratoides C. A. M. on the Ukrainian 
chalk outcrops and saline soils. It is perfectly natural that exposures of 
different rocks furnish at the present time, from the ecological and phy- 
tosocial point of view, the most favourable conditions for their growth. 
Several groups of forms in the process of local formation of species (in 
Ukraina) produced a series of races particularly adapted to the outcrops 
of various rocks. 

J. Paczoski (58) considers many species, dwelling now in the for- 
mer Kherson gvt. mostly on limestone and argillaceous exposures with a 
scarce vegetation to be survivors of semi desert vegetation of the period of 
loess formation. These species are: Tulipa Schrenkii Regel, Eurotia cera- 
toides C. A. M., Kochia prostrata (L) Schrad., Silene Hellmanni Claus, 
Caragana grandiflora scythica Kom., Cachrys odontalgica Pall. Achillea 
leptophylla M.B., and others. In this respect the examination of Ukrainian 
representatives of the genus Thymus proves to be very interesting (K10- 
kov and Desiatova-Shostenko (20). Thymus is chiefly a Mediter- 
ranean genus. It appeared that the general name of Thymus Serpyllam was 
applied in Ukraina to 12 different species, peculiar to definite ecological 
(including pedological) conditions and to distinct geomorphological regions. 
The majority of species are characteristic for rock exposures. Thus. 
T. Tschernjaevi Klok. et Desjat-Schost. is characteristic of pine wood 
sands of the Western Ukraina forest-steppe; 7. odoratissimus M. B. is 
very frequent on sands of the second river-terraces of the forest steppe 
and steppe regions of Ukraina: 7. borysthenicus Klok, et Desjat-Schost. 
is on the contrary encountered only on the sands of lower course of 
Dnieper; 7. graniticus Klok, et Desjat-Schost—only on granites along the 
river Kalmius; 7. pseudograniticus Klok. et Desjat-Schost on the granites of 
Kalchik; 7. cretaceus Klok. et Desjat-Schost—only on the chalk outcrops 
of the eastern Ukraina and neighbouring parts of Polessie; 7. calcarus 
Klok. et Desjat-Schost—on various exposures of the Donets Ridge (chiefly 
of Carboniferous limestones) etc. 

Similar results were obtained in the study of Dianthus campestris Ss. 
lato (M. Klokov) and Centaurea margaritacea s. lato (M. Iljin). De- 


finite races of the last species appear to be peculiar to the sands of the 
second terraces of separate rivers. 


6. The vegetation of sands. 


Sandy soils of the Ukrainian forest region (Polessie) at the present 
moment are covered mostly by natural pine growth or have been covered 
by it in the recent past. Considerable sandy areas of the forest-steppe 
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in the valley of the Middle-Donets region and of its left tributaries are 
similarly occupied by pine forests at the present time or were occupied 
by them at least partly. In the region of the Black Sea dry steppe along 
the lower course of the Dnieper, the sands attain their most full expres- 
sion in regard to the vegetative cover and the general land scape. They 
are covering here the second terrace of the Dnieper and occupy an area 
about 200.000 dessiatinas (1 dessiatina = 2,7 acre). 

The present climatical conditions of the Ukraina do not favour the 
natural formation of areas of shifting sands. Inasmuch as pine forests 1) on 
positive elements of relief and in the present physico-geographical condi- 
tions of Ukraina represent the primary and predominant type of vegetation 
of the Ukrainian forests-steppe and of the northern part of its steppes, — 
the sandy steppe vegetative association is just as predominant and 
normal a vegetation type of the steppe region of Ukraina on positive ele- 
ments of its relief. 

The species of Gramineae which form a dense sward appear to be 
prevailing elements in the sandy steppe. Chiefly are met: Festuca ovina L., 
as well as Stipa Joannis sabulosa Pacz. and Koeleria glauca DC., along 
somewhat depressed places we meet large quantities of Gramineae for- 
ming a loose sward: Agropyrum cristatum sabulosum E. Lavr. In big 
quantities also axial root forming dicotyledons are met with, chiefly: Arte- 
misia campestris L., and Euphorbia Gerardiana Jacq., and several others, 
Goniolimon graminifolium (Ait) Boiss.,—southern Ukraina Dianthus poly- 
morphus M. B., and others. 

Very characteristic of the sandy-steppe are also halfshrub species, of 


‘which more frequent are: Thymus (T. odoratissimus M. B., and 7. bory- 


sthenicus Klok. et Desjat-Schost—the lower part of the Dnieper (N° 26) 
with creeping shoots giving off root offsprings, forming loose cushions. 
With the sandy steppe, particularly with its depressions many biennial 
dicotyledons are connected (Erysimum augustifolium D. C., Scabiosa 
ucrainica L., Centaurea breviceps lljin and others), and annuals (Polygonum 
arenarium WK., Plantago arenaria WK., and others), annuals taking the 
part of ingredients in the sandy steppe, as usually the grassy cover of the 
sandy steppe appears to be thinned: we see many moss cushions (7ortula 
ruralisc L.), Ehrh. and lichens in the interstices between the grasses (chiefly, 
according to A. N. Oksner— Cornicalarie steppae tarvicz), Cladonia 
foliacea (Kuds) Schaer (C. rangiformis Hofim, and others). 

The chernozyom-like sands are connected with the sandy-steppe. 
Small growths of oak (Quercus pedunculata Ehrh), birch (Betula pubescens 
Ehrh) and alder-trees (Alnus glutinosa Gaertn); are characteristic of the 


1) In dry pine forests of the southern part of the forest-steppe and the northern 


part of the steppe region psammophyte vegetation dwell ; 
loftiest dunes. iaftiice wells only on the summits of the 
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land scape of sandy steppes: These growths encircle either: depressions, 
with fresh water moors and small meadows, or salines, covered by a ty- 
pical saline flora. The vegetation of similar small moors and meadows 
bears a boreal character. Along sands of the second river terraces northern 
hydrophylous species (Carex stricta Good., Menyanthes trifoliata L:, Gen- 
liana Pneumonanthe L. and others) are descending to the South as far 
as in the arid-steppe (lower parts of Bug and Dnieper rivers). Soils of depres- 
sions with fresh water basin are moor- or transitional to podzolised or podzo- 
lised soils. Soils in saline depressions (with saline plant associations— 
Atropis festucaeformis Boiss., Salicornia herbacea L., Suaeda maritima (L) 
Dumort. and others)—are sandy salines, containing chlorides and sulphates. 
Such primary land scapes with fresh water basin depressions are situated 
along the middle course of the Donets and Dnieper rivers. Landscapes 
with similar depressions and with an abundance of saline basins are 
to be found in the lower parts of the Dnieper and Bug (J. Paczoski, 59 
E. Lavrenko, 38, G. Makhov, 49). 

Areas of shifting sands are nearly deprived of vegetation. A small 
quantity of species possessing special adaptations for growing on movable 
substratum may be met with on these. sands. The following species of 
shrubs adapted to movable dunes may be seen growing. Salix acutifolia 
Willd., and Cytisus borysthenicus Grunner in lower parts of Dnieper and 
Bug; of the grasses with long creeping rhizomes there are represented: 
Agropyrum dasyanthum (Led.) Richt., Elymus sabulosus M. B., Calama- 
grostis epigeios Roth., Carex colchica Gay), and a few other plants 
giving root offsprings (Linaria cdora Chav.) with them. In depressions 
amid shifting and weakly-overgrown sands we see thickets of Salix ros- 
marinifolia L. 

On areas formerly occupied by shifting sands, a growth of pine fo- 
rest in the forest steppe belt and a sandy-steppe vegetation in the steppe 
belt are the prevailing types of vegetative associations. Shifting sands 
are due to the influence of man, namely to intensive grazing of cattle. As 
a result of continuous trampling first the Gramineae with a dense sward 
disappear, and the axial root plants and biennial dicotyledons follow 
them. The sand begins to be blown asunder; and the above mentioned 
species, which were quite secondary in sandy steppes but are specially 
Characteristic of shifting sands, make their appearance in considerable 
quantities. Such a transformation may be called a pasture digres- 
Sion on sands. If, however, cattle grazing be ceased a renewal of the 
sandy steppe with its characteristical soils takes place in 30 or 40 years. 
That process bears the name of demutation on sands and consists 
of a reverse subsequence of different biological species (E. Lavrenko, 37; 
G. Makhov, 49). All the above mentioned species (except Artemisia cam- 


Pestris and Euphorbia Gerardiana) are connected exclusively with a sandy 
substratum. 
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With the sand shell barrier of the maritime beach some peculiar species 
ate connected: Elymus satulosus M. B., Crambe maritima L., Cakile ma- 
ritima L., Eryngium maritimum L., Tournefortia sibirica L., and others. 


7. Vegetation of saline soils. 


As mentioned above it is necessary that saline soils should be differen- 
tiated into salines and alkali soils, both these types of soils represen- 
ting different ecological tracts. As a result of a leaching downwards of alkali 
soils in depressions, the so called degraded alkali soils arise, with a struc- 
ture very similar to the structure of podzolised forest soil(D. Vilensky 
10, 11). Saline soils in Ukraina are peculiar to the steppe and, partly, 
forest-steppe belts, covering river valieys and ravines. Saline soils are 
absent in the forest region, Polessie, as well as on more elevated districts 
of the forest-steppe on the right and left banks. Ongthe Donets-Ridge 
saline soils are encountered only on outcrops of saline rocks. 

With regard to geomorphological and relief conditions, saline soils 
are distributed in the following way. 

1. Along the upper parts and slopes of ravines, f. i. frequently on 
the Donets-Ridge. Alkali soils may be encountered here as also salines 
due to the capillary rising of ground waters to the surface. 

2. In river valleys: a) saline meadows with corresponding soils and 
regular salines are met with on flood-plains. In cases of minor steppe 
rivers the whole flood-plain is saline. Near larger rivers saline districts 
are situated at a considerable distance from the active river channels in 
places with a poor drainage and particularly in the neighbourhood of the 
flood plain; 

b) on the second sandy terrace in the region bordering with the 
next higher terrace, which is covered with loess, this region being mostly 
depressed, having no outlet and bearing salines and alkali-soils ’*). Similar 
phenomena may be observed along the valleys of Northern Donets river, 
its left tributaries, and the Samara river; 

c) within the limits of the second terrace, covered with loess 
a characteristical complex of saline soils and their modifications is encoun- 
tered, consisting of salines, alkali-soils and degraded alkali-soils (G. V i- 
lensky, and E. Lavrenko, 14). Along this terrace and the course of 
the Dnieper saline soils penetrate as far north as the limit of the left 
bank region in Polessie. 

3. Along the coasts of the salt lakes, formed in trough in regions 
of the development of saliferous Permian strata (Slaviansk second terrace 
of the river Torets) salines are met with. 


; 1) On the territory of similar closed basins neighbouring with the terrace not unfre- 
quently lakes may be seen, considerable as to their size and moors wi 
Hypnum and Carex. with a growth of 
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4. Along the sea-coast of the Asov and Black Seas, alkali-soil and 
salines are situated (see above). The presence of salts in closed basins 
of the lower Dnieper sands is probably due to the neighbourhood otf 
marine salts (G. Makhov and E. Lavrenko, 51). 

For saline meadows, besides common meadowy plants, the following 
species are characteristic. Atropis festucaeformis Boiss., Peucedanum lati- 
folium (MB) DC., Senecio arenarius MB., S. racemosus (MB) DC., and 
others in cases of a smaller quantity of salts. Juncus Gerardi Loissel., 
Trifolium fragiferum L., Geranium collinum Steph., Taraxacum bessara- 
bicum Hand., Mazz. 

On salines of the continental part of Ukraina are growing. Sali- 
cornia herbacea L., Suaeda maritima (L.) Dumort., Statice tomentella 
Boiss., Aster Tripolium L., and others. Of particular notice is the fact 
that a whole series of species, characteristic of sea-coastal salines are 
encountered on sdlines of the middle Dnieper region, f. i. Obione ver- 
rucifera M. T. (Schmalhausen, 80a). The botanist M-me 0. Eliashe- 
vich (19a) has also discovered many species characteristic of sea-coastal 
salines in the valley of Samara (Aeluropus littoralis (Gouan). Patl., Sper- 
gularia marginata (DC)., Kittel, Capsella procumbens (L)., Fr. a Fran- 
kenia hirsuta L). It must therefore be assumed that the above species 
connected at the present time with sea-coastal salines, had formerly a wide 
spreading on salines of the continental part of Ukraina. 

Of alkali-soils of the continental part of Ukraina appear to be 
characteristic the following species: Artemisia maritima L. (usually met 
in great quantities), Lepturus pannonicus (Host)., Knuth)., Gypsophila 
stepposa Klokov and some others), 

Degraded alkali-soils appear very frequently over shallow, small 
steppe basins, usually drying towards the end of summer, the co-called 
»bliudtsa* (,dishes*). The vegetation of these mostly temporary basins 
consists of common moor and meadowy plants. The presence in similar 
basins of sedge moors is considered to be characteristic of such basins: 
(Carex stricta Good which is forming hammocks) 1). It must be noticed 
that a particular acquatic plant Ceratophyllum tanaiticum Sapjegin, grow- 
ing in water among the Carex hammocks, is found in Ukraina exclusively 
in similar conditions 2), (G. Vilensky, and E. Lavrenko, 14). Within 
the limits of a similar pedophytological complex a small alder-growth 
has been discovered on degraded alkali-soils — solely near station Koro- 
bochkino in the Nothern Donets valley—this occurrence being quite excep- 
tional in Ukraina (G. Vilensky and E. Lavrenko, 51). 


') Carex stricta Good possesses the capacity of peat accumulation. 

2) Ceratophyllum tanaiticum Sapjegin is an endemic of S. E. European part of the 
Union. On the extreme South-East it is met on ancient river channels in steppe basins 
called ,liman*. In the Northern part of the forest-steppe this species is found only in peat 
deposits (W. Dokhturovsky, 19). Evidently this species is retreating to the south. 
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As to the genesis of saline soils ,the salines“ according to G. Vi- 
lensky (10, 11), ,being the first stage of the formation of alkali soils 
have arisen during the drying of the earth’s surface after the retreating 
of surface and ground waters in conditions of the warm and dry climate 
of the Post-glacial period in zones of Post-glacial steppes and deserts“. 
Intensive processes of alkali-soil degradation due to a downward leaching 
and podzolisation as well as lately frequent cases of saline regrada- 
tion due to the increase of salt content in alkali-soils, connected with 
the rising of the ground water table, prove according to G. Vilensky 
(ibid) ,the approach in the recent geological epoch of more humid 
climatical conditions‘. This conclusion coincides with the results of the 
study of a series of phenomena and particularly of the stratigraphy of 
moors of the central region of the European part of the Union 
(W. Dokhturovsky, 19; also L. Berg. 7). 

The majority of species, characteristic of saline soils, migrated to 
the South of Ukraina from the Aralo-Caspian floristic centre. Probably 
they wandered along the Manych river branch which connected the Aralo- 
Caspian basin with the Black sea in the Post-Tertiary time. Part of the 
forms may also be of Mediterranean origin—f. i. Lepidium pumilum Boiss 


et Bal.,— encountered on salines in Asia Minor, Kerch, Ukrainian Black- 
sea Coast. 


8. Acquatic and moor flora‘). 


Within the limits of Ukraina besides common acquatic plants several 
other species are met with exhibiting at the present time a very inter- 
rupted extension; this fact bears proof of their Tertiary origin—such are 
species of. Salvinia natans (L), Hoffm., Caldesia parnassifolia (Bassi) 
Parl., Aldrovanda vesiculosa L., and several others. 

Moors chiefly occur in the forest belt (in Polessie) and partly in the 
depressed regions of the forest-steppe. The moors of Ukraina may be 
subdivided into the following types. 

A. Moors with a water supply from lakes and rivers. 
The water supply of these moors is due to lake and river waters. In re- 
gard to the vegetation they are chiefly thickets of high paludinous herbs 
(Phragmites communis Trin., Scirpus lacustris L., Typha latifolia L., 
T. augustifolia L., Acorus Calamus L., and others). This type is princi- 
pally encountered on flood-plains. 

B. Moors resulted of ground water supply. 

1. Hypnum-Carex moors. The vegetation of this type of moors 
consists of green mosses Hypnum forming a mossy covering, particularly 


1) Lack of space does not permit us to dwell on the meadow flora, which moreover 
is very little studied in Ukraina. 
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of the following genera. Drepanocladus, Acrocladium, Calliergon of 
some species of Carex, chiefly: Carex teretiuscula Good., C. lasiocarpa 
Ehrh., C. limosa L., C. pseudocuperus L., C. stricta Good., and others; 
and of several other plants as Aspidium Thelypteris Sw., Comarum pa- 
lustre L., Menyanthes trifoliata L., Sometimes pure Carex swamps are 
encountered without an admixture o Hypnum mosses. This type of moor 
is characteristic of small swampy river valleys of Polessie (W. Dokhtu- 
rovsky, 17, E. Oppokov), as well as of the Dnieper left bank forest 
steppe (Nicolaiev). They are also met with on depressions of the sandy 
second terrace, near to its border with the following loess terrace (E. Lav- 
renko, 34, 35). 

b) Forest Swamps. Sometimes on the above mentioned Hyp- 
num—Carex swamps, shrubberies consisting of Salix rosmarinifolia L.. 
S. cinerea L., Saurita L., or thickets of trees, more often of Betula 
pubescens Ehrh, are being observed. In this case these are already forest 
swamps. In river valleys these swamps are distributed similarly to the 
preceding ones. As a particular type of forest-swamps, above-mentioned 
alder-shrubberies must be pointed consisting of Alnus glutinosa Gaertn. 

2. Transitional moors. 

As all the preceding types of moors were supplied with conside- 
rably mineralised waters, this type is existing on account of almost 
fresh water. 

a) Sphagnum—Carex moors. On the Sphagnum carpet dif- 
ferent species of Carex prevail, chiefly, Carex lasiocarpa Ehth., C. l- 
mosa L., sometimes Eriophorum vaginatum L., Rhynchospora alba Vahl., 
Scheuzeria palustris L., Characteristic of Sphagnum moors appear also 
the following plants: Salix myrtilloides L., Vaccinium Oxycoccos L., spe- 
cies of Drosera and a few others. The mentioned species are met with 
in forests as well as in the forest-steppe belt, in the latter case on sandy 
river terraces. With Sphagnum moors of the forest belt exclusively are 
connected the following species: Salix Lapponum L., Andromeda polii- 
folia L., On forest transitional—Sphagnum moor Betula pubescens Ehth., 
Pinus silvestris L. (see above), are encountered. 

True Sphagnum bogs, ,high moors“ with an elevated surface, sup- 
plied with atmospheric water alone are absent in Ukraina (A. Fomin 70). 
This fact explains the small diversity in Ukraina of Sphagnum species, 
peculiar to high moors. A high degree of evaporation even in North 
Ukraina is the reason of the absence of high moors. 

As to the processes of swamping, the swamping of water basins as 
well as of solid ground is witnessed in Ukraina. The swamping of water basins 
is effectuated by means of a vigorous growth of tall paludinous grasses, 
as well as in cases of the transportation on the water surface of Hypnum 
Carex and Sphagnum-Carex floating carpets (W. Sukachev, 67; E. Lav- 
renko, 34, 35). 
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The process of swamping of dry ground of meadow and forest 
growth is mostly observed in the forest zone. Unfortunately these processes 
are not studied in detail. In the right bank of Dnieper region, in Poles- 
sie the swamping of pine and pine-birch forests on coarse sands is parti- 
cularly frequent, producing swampy pine-woods with a Sphagnum covering 
(E. Alexeyev, 1; W. Dokhturovsky, 17). 

Very few data exist as yet on the stratigraphy of Ukrainian moors 
(W. Dokhturovsky, 17; G. Shiriaev, 79; E. Lavrenko, 34, 35; 
W. Matiushenko, 44). Northern elements of sandy-forests and Sphagnum 
bogs, penetrate far along sandy second river terraces, to the South, as 
far as the limit of the steppe belt. The majority of authors (D. Litvinov, 
J. Paczoski, W. Taliev (partly), G. Tanfiliev, P. Tutkovsky, 
and others) consider these northern elements of forest-steppe belt as relicts 
ofthe glacial period. By the way the present limit of extension of mentioned 
northern elements does not coincide with the southern boundary of gla- 
cial boulder deposits in Ukraina. Thus an area covered with boreal vege- 
tation wedges to the south into the Donets valley, just between the 
Dnieper and Don ice-lobes (E. Lavrenko, 34). This problem is moreover, 
complicated by the fact that according to modern opinions the third gla- 
ciation with its Dnieper ice-lobe penetrating in the centre of Ukraina was 
followed still by the fourth glaciation. However, this last glaciation did not 
reach the Ukraina (G. Mirchink, 32, W. Krokos, 33). The advance 
of Northern elements towards the south took place in Ukraina probably 
also during the last glaciation. It may be assumed that the northern 
elements of sandy second river terraces of the forest-steppe and steppe 
pelts penetrated here at this time. 

Several northern froms penetrated formerly in still more southern 
regions. Thus W. Sukachev (66) discovered remains of pine-trees 
(Pinus silvestris L) in the peats of the Archada forest administration 


along the Don, where the pine is absent now. The growth of pines in 


Post-glacial times on Dnieper sands can be considered as proved now, 
though at the present time this tree is entirely absent here as well as 
over and area of over 100 klm. around '), 

The swamping of meadows and forests observed now in Ukraina 
and especially of alkali-soils (see above) may be connected with the 
moistening of the climate in the present geological moment, mentioned by 


many authors. 
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1) The discovery of the pine pollen in peat accumulations of the lower Dnieper 
sands made by L. Klimentov was mentioned in literature, for the first time by G. Ta n- 
filiev in his work ,On the ,Zherstva* (concretions of silica) of the Aleshki sands and 
on botanico-geographical questions connected with it*, Publication dedicated to W. E. 
Tairov, Odessa, 1925. The author has discovered besides a great quantity of pollen in 
deep sections in the peat of this accumulation, also pieces of pine wood. 
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9. Phytogeographical regions of Ukraina). 


In subdividing the European part of Russia or the whole of Russia, 
G. Tanfiliev(75), S. Korzhinsky (28), N. Busch(9), and others 
have dealt with the Ukrainian territory as well. During the last years several 
works were published on the phytogeographical subdivisions of Ukraina 
A. Fomin (43, 76), A. Yanata (88). The following subdivision by the 
author of this paper is the most similar of all to that of the Commission 
for the Publication of a Review of Ukrainian Flora of the Botanical Sec- 
tion of the Ukrainian Scientific Agricultural Committee 2). The author of 
this paper has taken part in the summarising of the data. 


1. Forest Zone (Polessie). 


Elevations of 130—215 metres prevail; nearer to the Dnieper 65— 
130 metres. Annual quantity of rainfall —550—600 mm. Sandy and sandy- 
loamy glacial deposits form the parent material of soils. 

Forests of the Western Ukraina, region 0 
Podzolised soils on sands prevail. Pine-forests are predominant. Moors are 
with a Sphagnum and ,Hypnum‘ mossy covering. Whole series of rao 
are peculiar only to the territory lying west of the Dnieper and are absen 
to the East of this river. 

Forests of the Eastern Ukraina, reg . 
Podzolised soils on sands are as frequent as similar soils on boulder 
loams, covered by mixed forests. Along the southern border deciduous 
oak forests are growing on loess. Moors are mostly with a ,» Hypnum 
mossy covering. 


f Polessie- 


ion of Polessie. 


2. Steppe Zone. 


Loess is the parent material on plateaus and partly on terraces. 

A. Forest-steppe subzone (Subzone of the humid steppe): 
Different altitudes. Annual rainfall amounting to (600) 558 —500 (—450) m.m. 
Steppes are of the type of Steppa Graminea latifolia. Deciduous forests 
over divides and ravines are frequent and grow over secondary podzo- 
lised soils. 

The forests of Podolia (ancient forest-steppe). Alti- 
tudes: 380—300 and 380—215 m. An insulated tract of deciduous forests 
of the Western type, was intact in the recent past (see above). - Geneti- 
cally it is a forest-steppe, as the forest soils are of the type of secon- 
dary podzolised soils. 


1) The lack of space is the reason of the shortness of this account. 
2) A map of botanico-geographical regions of Ukraina has been published by this 
Committee in 1925. 


Forest-steppe of the right-bank. Altitudes: 300—215 and 
215—130 m. Northern chernozyoms are encountered only in the northern 
part and thick chernozyoms of the forest-steppe over eroded elevated 
divides covering larger areas — large districts of divide deciduous forests. 
(Quercus-Ulmus). Frequent granite denudations. 

Forest-steppe of the left-bank region (ancient forest- 
steppe). Altitudes: chiefly 215—130 met. rarely 300— 215 met. Over eroded 
elevated right-bank divide regions— more or less considerable patches of 
mostly oak forests may be seen, while pine-forest grow along sandy river- 
terraces. No characteristic denudation flora is known in this region. 


Steppes of the Dnieper region. 


A district of lowered steppes is situated on the left bank of the 
Dnieper, the altitudes ranging from 130 to 65 met., rarely from 215 to 
130 met. As to its geomorphology this region is principally occupied by 
the third ancient Dnieper terrace (B. Lichkov, 42). Northern chernozyoms 
are the sandy-loamy soils of the northern part of this region, while the 
light-loamy and varieties peculiar to river regions are developed in the 
South-Western part (G. Makhov, 47, 48). Forests are few. However, 
pine-forests follow the sandy river-terraces, more especially those of the 
Dnieper. There is no data on the steppes of this region. Very characte- 
tistical is the wide spreading of saline soils. 

B. True steppe subzone or subzone of the dry steppe. 

1. Region of Steppa festucaceo-stipacea florida, on medium cherno- 
zyoms of the semi-arid steppe. Annual precipitation —500—450 (400) mm. 


Moldavian steppe. 


Considerable altitudes: 350—215 and 215—130 met. Transitional 
region. Very abundant are ravine forests of the Western type (see above). 


Donets Steppes. 


Altitudes ranging from 215—130 met., and from 300 to 215 m. in 
the North, transitional region. Along eroded divide districts of the right 
bank large or small ravine forests are situated, while pine-forests grow 
over sandy river terraces. In the steppe flora an increase of the quantity of 
xerophytes is observed in the eastward direction, i.e. in that of the Sou- 
thern chernozyom region. River valleys especially small ones bear a saline 
character. Chalk exposures are very characteristic of this region. 


Dnieper-Bug steppes. 
Altitudes ranging from 215 to 130 met., less frequent from 300— 


215 met. and only in the North. Ravine forests are encountered. Outcrops 
of granite and of Sarmatian limestones. 
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Samara river steppes. 


—. 


Are called so after the principal river of this region—the left tributary of 
the Dnieper, the Samara river. Prevailing altitudes are ranging from 215 
to 130 met. Small oak forests are occurring now and then in the north, 
along ravines. River valleys are of a strongly saline character. Very little 
data exist on the steppes of this region. 


Berdiansk-Mariupol steppes. 


Altitudes of the Berdiansk - Mariupol elevation are ranging from 
300 to 215 met., or from 215 to 130 met., Small ravine forests are encoun- 
tered only near the village Ignatievka, in the N. W. of this region; 
they belong to the type of the Donets-Ridge oak forests. Very little infor- 
mation exists on the steppes of this region. Outcrops of granite and 
lapidose steppes around them are very characteristic of this region. 

Forest-steppe of the Donets-Ridge (ancient forest-steppe). 

Very considerable elevations, ranging from 380—300 met., and from 
300 to 215 met., and only in the border region from 215 to 130 met. 
Annual rainfalls equal to 450—500 mm. The quantity of oak forests over 
ravines is so great that the general landscape bears a forest-steppe wee 
character. On thick chernozyoms of the Donets-Ridge a slightly humid ; 
steppe is developed (see above). Thick chernozyoms are formed on 
products of weathering of Carboniferous sandstones and shale, with a 
vegetation peculiar to the lapidose steppe. Some valleys of small rivers 
are of a saline character. Outcrops of shale, sandstone and limestone are 
typical of this region. 
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Azov Steppes. 
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Altitudes ranging from 215 to 130 met. in the North and from 
130 to 65 met. in the South. On Azov chernozyoms an Azov variety of 
steppe is developed. Forests are absent but shrubberies grow along 
ravines. The most characteristic features of the region are undoubtedly 
the outcrops of Sarmatian and Pontian limestones. Small river valleys are 
of a saline character. 

2. Region of the spreading of Festucetum Stipetum stenophylle (dry 
steppes). 


Northern Black-Sea steppes. 


Altitudes ranging from 130 to 65 met. Annual rainfalls equal to a 
450—400 mm. Soils are of the southern chernozyom subtype. Forests are 
absent, however, shrubberies are developed. The steppes represent a nor- 


. 
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thern variety of Steppa festucaceo-stipacea stenophylla Small river valleys. 
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are more or less saline. Outcrops of granite and Tertiary limestones are — 


_ here met with. 
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Southern Black-Sea steppes. 


Altitudes ranging from 65 to 0 met. Annual rainfalls 400—350—300 mm. 
Undissected plains predominate, ravines being almost absent. Vast ,pods“ 
are characteristically abundant. Chestnut chernozyoms predominate, 
covered by a vegetation peculiar to the southern variety of Steppa festu- 
caceo-stipacea florida; an alkaline soil-complex covers the left bank region. 
Along the sea coastal stripe of deep columnar alkali-soils, with a growth 
of Artemisia associations, and of wet salines; on the lower Dnieper sands 
small woods, consisting of Quercus pedunculata and of Betula pubescens 
are encountered. ae 
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| Professor D. G. Vilensky. 


Although the immense practical meaning of the investigation of 
alkali soils was splendidly proved by E. W. Hilgard, who pointed out, 
{ that ,the problem of the utilisation of alkali lands for agriculture is not 
of local interest only, but is of world-wide importance“ (1), the question 
} of the not less important theoretical interest of these soils was raised but 
recently. — pias 
7 It was undoubtedly initiated by the remarkable investigations of 
K. K. Gedroiz, who gave a theory of the formation of sodium carbo- 
nate in soils and proved that alkali soils originate from salines, Later, in 
works, published by the authcr of this paper the coordination, observed 
in the distribution of these soils was pointed out and a theory of their ori- 
gin, explaining this coordination was proposed (13). The fundamental 
principles of this theory were the following: 
1. I salines, i. e. humid non-structural saline soils are always 
met with in places, where the ground-waters are situated near to the 
surface, SO that a capillary uplift of the salts, dissolved in them is pos- 
sible, there appears to exist a distinct to pographical and geogra- 
hical coordination in the distribution of alkali soils, i. e. dry structural 
ne soils,—on the vast Post-Tertiary plains of Eurasia. . 
The topographical coordination in the distribution of alkali soils 
consists in their permanent connection with certain elements of relief, 
namely, they being mostly spread, on the medium (second) terraces of 
rivers and lakes, lying above the meadows on the bottoms of dried-up, 
basins of Post-Tertiary lakes and seas, particularly, in especially great 
quantities on the territory of the Aral-Caspian transgression, and finally 
on the borders of depressions on the slopes of ravine summits, where, 
according to data, prior of the time, of the development of ravines, and 
even now often exists a permanent supply of ground waters to the surface. 
The geographical coordination in the distribution of alkali soils 
consists in their subdivision into a number of types, quite analogous 
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with the types of non-saline soils and corresponding to the same soil 
zones. Thus, among light chestnut- brown and brown soils, occur 
brown prismatic alkali soils; among the chestnut- brown  soils- 
chestnut coloured alkali soils of columnar structure; in the chernozyom 
zone—black alkali soils of columnar structure are met with; in the 
forest-steppe zone, among grey forest soils and degraded chernozyoms- 
alkali soils of nutty structure are encountered. As to the dryest zone 
that of semi-desert with its sierozyoms (grey soils), alkali soils are not 
met with at all, but are here replaced by non-structural salines with a 
high salt-content and by ,ta k yrs*,—soils, showing already some signs 
of structure, but also connected with the salines. 

In places, where salines and alkali soils are encountered in an 
immediate vicinity, they are always connected through a series of 
transitional soils, this fact undoubtedly proving that in nature as well as 
in laboratories alkali soils originate from salines and may be also trans- 
formed into the latter. 

2. At the present time alkali soils do not remain unchanged, but an 
energetic metamorphosis takes place, developing into two directions: that 
of degradation and regradation. Under degradation of 
alkali soils or under their transformation into ,solodee*, term subsequently 
proposed by K. K. Gedroiz is understood the process of gradual 
destruction of these soils under the influence of water, accumulated on 
their surfaces and of the settling on them of meadow,—moor and subse- 
quently forest growth. 

The first stage of degradation is represented by the modification 
of the structure of the columnar horizon, into a nutty one; subsequently 
an entire leaching is taking place and the transformation of the alkali soil 
into a soil very much like a podzol. Such process of transformation 
of normal alkali soils into podzol-like ,solodee* or ,bieliaki* takes 
place in all zones, under definite conditions of relief. Under regrada- 
tion of salines should be understood the process of retransformation 
of alkali soil into salines, effected by the rising of the ground-water table 
in places covered by alkali soils. Such regraded salines are widely 
spread in Western Siberia and Ukraina, in the last country the so-called 
black sodium salines being an instance of this kind of soils. 

3. The permanent relation of alkali soils to definite geographical 
conditions, the existence of a geographical coordination in the modifi- 
cations of the properties of these soils according to climatic zones, 
particularly their total absence in the dryest zones, finally, the now 
observed process of their rapid destruction, and, on the other hand, 
their transformation into salines;—all this, in connection with the stated 
assumption, that alkali soils originate from salines, leads to 
the conclusion, 1) that alkali soils represent a residual soil formation, 
and that a time has been, when salines existed in plains, where there 
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ateaa alkali soils, which subequently, with the change of hydrological 
Bsa ph such as the lowering of the ground water table, were transior- 
Meiiiuti. alkali soils, 2) that the geographical coordination in their 
becint = is the result of the different degree of their leaching in dif- 
eo c imatic zones, so that the more arid the zone, the less leached the 
oil is, and, finally, that their relation to definite elements of the relief 
of Post-Tertiary plains yields a solution as to the time of their formation. 
4. In connection with the above, the problem of the origin of alkali soils 
Is not as much, or rather not only one of soil-science, but also of geology, 
as their origin may be established only after having studied the elements 
of relief, to which they pre-eminently refer and after having determined 
the time of salification of these elements. As a high situation of the 
ground water table is a necessary condition for the formation of salines, 
it may be assumed that the salification of river terraces and sediments of 


_Post-Tertiary sea transgressions occurred at the same time as the drying 


of their surfaces from the waters, by which these sediments were 
deposited. This leads to the time directly following the epoch of the last 
glaciation, i. e. to the early time of the Postglacial period. As, on the 
other hand, the formation of salines on a big scale is observed in the 
conditions of dry and warm desert, semi-desert and steppe climates, it 
may be assumed, that the period of predominant salification of some 
Post-Tertiary sediments, coincided with the last xerothermic, b or eal or 
Sub-boreal age, and that with the beginning of the subatlantic age, 
the formation of alkali soils, thereupon took place and later on their degrada- 
tion and regradation. Therefore, the alkali soils, in a most general way 
may be regarded as a residual formation of the Postglacial period, which, 
does not at all exclude the possibility, of formation both of those and 
of salines at our time under certain conditions of relief. 

From the enumerated principles of the new theory of origin of 
alkali soils, it is evident, how important is their investigation for the 
history of Postglacial and perhaps of Post-Tertiary period in general, on 
the plains of Eurasia. In connection with this, at the same time the author 
proposed the ,method of alkali soils*, which, according to his 
opinion, may be efficient for the solving of problems not only of soil 
science, but also of physical geography, geology, geomorphology and 
hydrogeology. Further investigations yielded a great quantity of new 
facts, confirming the truth of the above theory is was established by the 
investigations of professor B. L. Lichkov. In particular that the chief 
region of alkali soils of the Ukraina, the origin of which was not quite 
ascertained till that time, lies within the limits of the third terrace of the 
river Dnieper, seemingly analoguous with the Tirrene terrace (Ch. Depe- 
ret) (4), i. e. that here also terrace formations are saline. In connec- 
tion with this circumstance, the author is presenting to the Congress 
some data on saline soils of the Ukraina, their features, composition and 
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distribution, and on the methods of improvement of alkali soils, applied 
here, although at the same time it must be noted, that such investigations 
have, properly speaking, only just been started. 


Distribution of saline soils in the Ukraina. 


Fig. 1. Diagrammatical map of the distribution of saline soils in Ukraina. 


After a glance at the map of the distribution of saline soils in 
Ukraina it is at once evident (fig. 1) that there are two large groupings 
of these soils: the medium Dnieper and the lower Dnieper ones. 
Beyond these two groupings, they are sporadically distributed chiefly over 
flood-plains and over the medium river terraces. As will be seen later, 
such relationship of saline soils to these two regions is not accidental, 
but is closely connected with their geological and relief conditions. As to 
the extension of saline soils in Ukraina, there are no data, which might 
give even an approximate idea of it. This is explained, on the one hand, 
by the very impeffect investigation of those soils, on the other hand, by 
the complexity of their distribution, owing to which it is exceedingly dif- 
ficult to distinguish them from the surrounding non-saline soils. According 
to some calculations, the area covered by saline soils on the territory of 
the former Chernigov gvt. is about 200 thousand hectars; in the Poltava 
gvt.— more than 140 thousand hectars, i. e. about 3 per cent of its whole 
territory, but, in reality, they undoubtedly occupy a considerably more 
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extensive area. lt should be noted, that the negative role of alkali soils in 
depreciating the value of the ground is connected not only with the abso- 
lute dimension of the area, covered by them, but also, to a great extent, 
depends on the character of their distribution, as, when scattered in small 
spots, which distribution according to Dokuchaiev’s well applied expres- 
sion is ,mottling the steppes, as small pox“ they greatly depreciate the 
value of the ground, even when occupying a small total area. 

The topographical conditions of the distribution of alkali 
soils in Ukraina are fully subjected to the fundamental coordination, which 
has been mentioned above, namely: they are covering here everywhere 
the terraces. Particularly, in the region where they are most developed — 
that of the medium course of the Dnieper—they are everywhere situated 
on the left bank terraces, of which, according to the latest investigations 
of professor Lichkov (5,6) there are three. Over the lower, or first 
meadow terrace, which rises from 2,5 to 5m. above the river level and 
has a width of from 4 to 6 km., is composed principally of sandy mate- 
tial, deposited by the present action of the river; their extension is incon- 
siderable. A much greater area is covered by these soils on the second 
medium terrace situated above the meadows, which rises above the Dnieper 
about 10 or 15 m., has a width of nearly 6 km and is also composed of 
sands, which are in some places especially, in the region transitional 
to the third terrace, covered by loess. These loess districts of the terrace 
usually are wholly covered by saline soils. 

The third terrace of the river Dnieper is considerably higher and 
wider, than the preceding. According to Lichkov it has an altitude of 
from 36 to 40 m. above the level of the Dnieper river and its width 
in the northern part opposite Ekaterinoslav is equal to 10 km., whereas 
in the northern part opposite Kiev it is as great as 100 km. The structure 
of the terrace, according to Lichkov, is the following (from top to 


bottom): 

1. Loess. 

2. Boulder loam. 

3. Fresh water, Preglacial. layered loam. 

4. White, obliquely layered, sands, of considerable thickness. 

The surface of the terrace generally smooth, is at the same time 
scattered with a multitude of shallow, round depressions of different 
size and depth, divided by small, slightly evident elevations. Some of 
these depressions are almost quite closed, others are branching in the 
steppes like river systems and acting as sources of the river valleys, are 
often connected with the latter by a whole series of basins, disposed in 
the form of a chain. In the spring and after heavy rains, water remains in 
such basins for the periods of whole months, transforming them into 
swamps and true steppe moors. Owing to this, the surface of the terrace 
represents in autumn and spring a peculiar picture: ,black, usually ploug- 


hed endless plain, scattered with small lakes, like shining beads“ (7). 
Northwards the quantity and size of these lakes increases and the water 
in them remains often for the whole summer; the country then becomes 
exceedingly swampy. In the above described depressions 0” their borders 
and in between them are situated in great quantities different sauege > 
representing one of the most characteristic peculiarities of the soil covering 
of this terrace. 

The second, lower Dnieper district of saline soils 
with the second and third terraces of the Dnieper rivet. . 
up the course of the river near to the crystalline massif, crossing the river 
Dnieper—the so-called » poroguee“ —- rapids, — where now the Dnieper 
Hydro-Electric Plant is being built, the terraces finish, put lower down 
they again re-appear. According to B. L. Lichkov, the third ee 
very distinctly expressed on the left bank of the river DniePe bes 
villages Berislav and Kakhovk aide Of fOar ream 
Ph ge aie vka, having there an altitu 2 varies here 

e river level. The altitude of the second tertac A consi- 
irom 8 to 15 m., lowering towards the sea to an altitude of 4—5 m. a6 d 
derable part of the second terrace, is covered by shattered sand eRe 
1s composed to a depth of 6m. of fine sandy Ssas which is underlain to 
a depth of 28m., by ancient river sands: under sheee are lying neogenic 
meotic sediments. The relief of the terrace is uneven and besides dunes, 
there are many depressions, chiefly on the coastal part. Among them are 
widely spread different saline soils, but they are also found in other parts 
of the terrace, especially in the vicinity of the Dnieper. The geological 
composition of the third terrace, in this district is not investigated; its 
surface is characterised by a great development of vast, flat depressions, 
the so called ,pods“ either more or less round in shake, or with undu- 
lating configuration, extending over tens of km. These ,pods“ in spring 
and also quite often in summer after heavy rains change into lakes; for 
the rest of the year, they become dry down to a depth of 4 ™. and 
more (8). The third terrace is nearly wholly covered with different types 
of saline soils. 

As to the other places of the development of saline soils in Ukraina, 
they represent more or less small districts also situated exclusively on the 
first, second and third river terraces, where the latter exists, and chiefly 
on those of the left tributaries of the Dnieper river and also those of the 
Northern Donets river and its left tributaries, as well as to a smaller 
extent on the terraces of the Ingul, Ingulets and of other rivers. There are 
also saline soils in the region of the Donets Ridge, where they have deve- 
loped on various ancient saline sedimentary rocks. 

Thus, the saline soils on the Post-Tertiary sediments of Ukraina 
as a rule represent terrace formations and are not to be met with over 
plateaus. . 


is also connected 
Somewhat further 
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Types of saline soils in Ukraina. 


As already noted above, saline soils are subdivided into a series of 
types, very different in structure and chemical composition. First of all, 
they may be divided into two divisions: salines, i. e. humid non-struc- 
tural soils, containing great quantities of easily soluble salts; alkali soils 
dry structural soils with a high alkali content, in upper horizons not con- 
taining a noticeable qnantity of easily soluble salts. The alkali soils are 
subdivided into several types, among which may be distinguished the nor- 
mal (ordinary) ones, formed in conditions of normal, non abundant washing 
and the degraded ones, destroyed to a greater or smaller extent by a 
continuous and abundant moistening by the water, stagnant on their surfaces. 
To the first type may be referred the prismatic,columnar chestnut- 
brown and columnar black coloured alkali soils; to the second, 
the nutty and podzol-like alkali-soils. Salines may be divided into 
three principal types: salines, containing chlorides and sulphates, 
salines, containing carbonates of alkaline-earths and salines, con- 
taining carbonates of alkalis. Most part of the latter, the so-called 
sodium salines, may be regarded as secondarily regraded, i. e. origi- 
nated from alkali soils as a result of the rising of the ground water 
level under them, and the re-establishment of the process of salt uplifting 
towards the surface. This type of saline soils is one of the most deve- 
loped in the Ukraina. 

In tracing the general change of the described saline soils in 
Ukraina from south to north, the following subsequency is obtained: 

In the south, in the lower Dnieper region, on the second Dnieper 
terrace, in the direction from the sea coast into the depth of the terrace, 
saline soils may be seen occupying distinctly expressed belts. 

The lower coastal stripe, is covered by humid salines, containing 
chlorides and sulphates; in the depressions and gulfs these soils entering 
deeply into the depth of the terrace. Above them is situated a stripe of 
deeply columnar alkali soils, the structural horizon of which 
lie at a depth of from 20 to 30 cm. The profile characteristics of these 
alkali soils is the following: 

A section 80 m. from the sea (described by W. I. Krokos). 

0—19 cm. eluvial, light-grey, platy, fine sandy. The surface of the 
plates is powdered. 

19 — 29 em. illuvial, dark grey, columnar (size of columns 8 X 11 cm.), 
with round shaped heads, covered with a meal-like powdering, which 
appears in places on the borders of the columns as well. 


29 — 48 cm. transitional prismatic. 
48—78 cm. accumulation of sulphates, light loess like loam with 


minute interlayers of gypsum. 


78—108 cm. parent rock light loess-like loam with a multitude 
of fine grains of quartz. Effervescence from the depth of 65 cm. In this 
belt regraded salines rather often appear, i. e. salines bearing in 
their profiles distinct traces of the characteristic features of columnar 
alkali soils. 


Their profile characteristics are the following (W. I. Krokos). 

0 —0,25 cm. white thin crust. 

0,25—2 em. light grey, fine platy, light loamy eluvial horizon. 

2—10 cm. dark-grey, platy, loamy, somewhat compact horizon, 
breaking into short culumns 2 cm. high; some of the columns have a 
convex head and remind of the columnar horizons of alkali soil; interlayers 


of gypsum sometimes appear. . 
10 — 32 cm. horizon of sulphates, accumulation, yellowish, light loess- 


like loam with interlayers of gypsum. 

32 —106 cm. whitish-yellow, loess like loam, with scarse interlayers 
of gypsum; effervescence of soil from 6 cm; from a depth of 80 cm. becomes 
very humid. 

Thus, the described soil, though having conserved some features of 
columnar alkali soil such as the upper leached horizon and some traces 
of columnar structure, is at present impregnated by effervescing salts and 
gypsum, evidently connected with a high level of ground waters. In the 
given belt more interesting regraded salines are to be found even such 
which in the past belonged to the type of degraded podzol-like alkali 
soils, later on subjected to the secondary process of increare of the salt 
content and effervescing from the surface. 


The following belt of soils of the terrace is chiefly represented by 
alkaline chestnut coloured soils, highly leached in places. Finally, 
in the medium part of the terrace chiefly chestnut coloured soils are 
developed (9). 

Within the limits of the third terrace columnar and degraded 
podzol-like alkalisoils predominate. The latter prove to be the soils 
of the above described shallow depressions, of the so called ,pods*. 

The profile characteristics of a podzol-like alkali soil in a ,pod* is 
the following (description of A. I. Nabokikh). 


1—4 cm. dark-grey humus horizon; 
4— 19 cm. whitish, platy, leached horizon; 

19— 59 cm. whitish, nutty, leached with big ortsteins; 

59— 115 cm. light-coloured, reddish-brown, broken by means of rare 
wide fissures into large, pillar-like fragments of very compact constitution, 
with rare ortsteins. Below115 cm, the colouring becomes slightly greyish 
and the compactness increases so, that when digging a pit with a very 
heavy pick, only minute pieces of the parent rock may be extracted. No 
effervescence. The above described soils are always surrounded by alkali 
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soils and incidentally it is possible here to trace the successive stages 
of their degradation. 

The saline soils of the second district region —the medium Dnieper 
one are still more various and as they extend over an area of 350 km, 
along the meridian, their features in the south are a little different from 
those of the north. South—in the lower part of the Samara river valley, 
over the first meadow terrace are widely and very evclusively developed 
the degraded salines of the following profile-characteristics (description of 
D. G. Vilenski). 

0—1,5 cm. humus horizon, semi-peaty, grey-brown, not distinctly 
platy, loamy. 

1,5 —10 cm. dark-brown, short-columnar. The columns have a breadth 
of 4 cm. their heads being rounded, clayey, compact, not effervescing. 

10 —27 cm. somewhat lighter-coloured than the precedent, breaking 
into large pillars, compact heavy loam. 

27 — 83 cm. dark brown with round grey spots produced by highly 
effervescent salts, compact loamy. 

83—100 cm. muddy-brown, with a multitude of whitish spots, non- 
structural, loose. 


~ 100— 120 cm. bluish-grey, flowing sand, in which at a depth of 120 cm. 
appears water, under high pressure. 

The effervescence begins from a depth of 10 cm. and ceases at 
a depth of 100 cm. From a depth of 17 cm. the soil is humid. 

It will be noticed, that the given profile presents many features of 
alkali soils, but at the same time, from a depth of 27 cm. is impregnated 
with salts and is very swampy. As will be seen further down the analy- 
tical data show that, together with carbonate of sodium, it contains already 
in the higher horisons Cl and SO;. Besides the described _ salines, 
salines, containing carbonates, may be encountered on the first terrace 
which display at a depth of 90 cm. a compact layer of lime, humid and 
pierced by veins of hydroxydes of iron. Even in the parts of the terrace 
Covered by a dense oak forest, which is overflooded during the spring, 
the soil from the depth of 122 cm. proved to be full of rounded lime 
concretions, lying in water. 

The second and third terraces, which are here differentiated with 
difficulty are covered chiefly by columnar black alkali soils, with 
columns of 10 cm. in height, and a thickness of 8 x 5 cm. 

Here a series of small and large depressions appears, the so-called 
»limans* (estuary), representing temporary lakes. In spring they are filled 
with water, which in summer partly or wholly evaporates and the ,liman“ 
is then covered by abundant meadow or lacustrine vegetation. The soils of 
such ,limans* are typical podzol-like alkali Soils, surrounded by 
columnar alkali soils as in the sea coastal ,pods“ and it is here possible 
to follow all the stages of the destruction of the latter. The profile charac- 
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teristics of such podzol-like alkali soil is the following (description of 
D. G. Vilensky): 

0—4 cm. brownish-grey, semi-peaty horizon. 

4— 12 cm. ash-grey, loose, powder-like, with many small roots. 

12— 25 cm. whitish, leached horizon of platy structure, compact with 
thin pores. 

25 —35 cm. mottled transitional horizon, light-reddish, with whitish, 
rusty-red and grey spots, platy, nutty, compact, broken by vertical fissures 
into pillar-like fragments. 

35— 57 cm. illuvial ,gley“ 1) swampy horizon, red-brown, with a 
multitude of rusty spots, nutty, highly sticky,—when dryed, compact, 
when humid, clayey. 

57 —100 cm. still more swampy, humid, light grey-brown, with a 
multitude of rusty spots and minute, black ferro-manganeous concretions, 
of a coarse-nutty and prismatic structure; very sticky and clayey. 

100 — 120 cm. ,gley*, humid, muddy-grey-straw-coloured, with a mul- 
titude of rusty spots and small lime concretions, non-structural, very sticky, 
clayey. Effervescence at a depth of 100 cm. Besides the fresh water 
»limans“, there are here saline ,,limans“ surrounded by salines and filled 
with water containing alkalis, often drying up towards autumn. As it is 
seen, from the above in the described part of the medium Dnieper saline 
region, a general swamping of the soils and a considerable quantity of 
lakes among them are already noticeable. Still more swampy are these 
soils in the northern part of the region below Kiev, where, in connection 
with the swamping, regraded salines predominate. Such soils are 
distributed in large spots over the second terrace of the river Dnieper, 
especially in the neighbourhood of Pereyaslav, where the locality which 
is taken up by them is highly swampy and covered with a multitude of 
small lakes. In the profile of these soils, notwithstanding their being swampy, 
the columnar structure is very often wonderfully distinct. In the water, an 
immense quantity of filled up burrows appear, rodents evidently having 
lived and dug their burrows in these soils during a dryer period of the 
latter’s existence. The salines of columnar structure are here distributed 
over uplands whereas the more swampy soils chiefly are characterised by 
a nutty structure of the horizon rich in colloids. Evidently, the formation 
of this structure here is the result of coagulation of colloids, under the 
influence of the saturation of the soil by easily soluble salts. 

The profile characteristics of such a nutty alkali soil is the following 
(description by D. G. Vilensky): 

O—1 cm. light grey, farinaceous crust. 

1 -— 28 cm. dark-brown, broken by vertical fissures into prisms, which 


1) Term, used for soils and rocks in anaerobic conditions, containing ferro-salts gra- 
dually leached out. 
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break into small ,nuts“ along the fissures, among the nuts accumulations 
of light grey farinaceous material appear in form of lentils; loose, when 
drying, becomes very compact. 

28 —61 cm. dark, greyish brown, of a cloddy-nutty, structure, loose, 
humid. 

61—109cm. greyish-brown, fine-cloddy, loose, humid, with a multi- 
tude of rusty spots and large burrows of rodents. 

109 — 150 cm. rusty-buff-coloured, swampy, cloddy, with a multitude 
of rusty spots and large burrows of rodents (diam. 7 x 8), strong effer- 
vescence along the whole section beginning with the surface. 

The third Dnieper terrace, within the boundaries of the described 
medium Dnieper region, as regards its relief, is smooth with a weakly 
developed net-work of drainage. The small rivers have not their own val- 
leys here, but flow in broad ancient ones. Such slight degree of erosion 
of the terrace strongly favours stagnancy of water on its surface, and 
altogether its swamping. Even more favourable to such swamping, is the 
exceedingly intricate micro-relief of the divide regions, which are covered 
with a dense net-work of small depressions, and shallow basins, some of 
them small, others very large, rounded and with an undulating configura- 
tion. In the indicated depressions and basins saline soils are also chiefly 
met with, being here exclusively represented by regraded salines,— 
the already described, of nutty structure, and very peculiar, platy ones. 
The latter have the following features (description by D. G. Vilensky). 

0 —0,5 cm. whitish, non-structural crust, highly effervescent. 

0,5—14 cm. brownish-black, platy, somewhat compact with whitish 
horizontal veins, highly effervescent. 

14—38 cm. black, with a chestnut tint, platy, loose, containing large 
rodents’burrows, filled up by subsoil. 

38 — 88 cm. greyish-chestnut, non-structural, with many rodents’bur- 
rows (diam. 8 cm.). 

88 — 120 cm. swampy, dirty-buff-yellow, non-structural, with a multi- 
tude of rusty spots. 

The whole soil is highly porous, humid at the surface; from a depth 
of 88 cm.—wet; in the lower horizons deeply furrowed by rodents, effer- 
vescing from the surface along the whole section. At a certain depth, 
often in water, there appears a multitude of lime concretions, largely 
covered with rusty spots, as well as impregnated with hydroxides of iron’ 
The ground waters are everywhere near to the surface (at a depth of 
1— 2m) t. the small depressions and shallow basins represent temporary 
and permanent lakes, the whole country being highly swampy. 

Such are the features of the principal saline soils of the chief alkaline 
regions of Ukraina. The very same types are spread in Ukraina, in the 
rest of saline regions. Thus, for example, in the valley of Northern Donets 
tiver, over the second terrace, covered by loess, on elevations nutty 
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alkali soils are met with; along the borders of the here abundant lakes, — 
regraded salines, while, at the bottom of small depressions, forming 
in the spring temporary lakes, degraded alkali soils occur. 


The chemical composition of the saline soils of Ukraina. 


Is but little investigated, of rather their investigation has only recently 
been commenced. The analytical data, now at hand, referring chiefly to the 
composition of extracts, are exclusively related to regraded salines and 
Owing to these data the character of these soils is to a sufficient degree 
distinct. Namely these data give proof, that the soils mentioned represent 
highly alkaline sodium Salines; the contents of other salts, chlorides and 
sulphates, is inconsiderable, and more noticeable in the south, than in the 
north. To give an idea of them a few figures follow. 


These data cannot be well compared, as they refer to soils of different 
terraces, being therefore of different age, and subject to different condi- 
tions of surface and ground moisture. Being however confronted with 
Other analytic materials at hand, they altogether correctly show the com- 
Position of the regraded salines, and Some changes in this composition in 
different geographical localities. They exactly show the following: 


1. All these salines are characterised by a very high alkalinity, which 


in some cases reaches 1 p. c., though the southern salines are less alka- 
line, than those of the north. 


2. The alkalinity of salines, chiefly depends upon a great contents of 
bicarbonates of alkali (as the data at hand shows, chiefly NaHCO) 
and to a less extent of bicarbonates of alkaline earths. As to their content 
of normal carbonates (Na,CO;), these salts are present in most of 
them, though, in the northern soils there is noticeably more carbonate of 


Sodium, than in those of the south. The regraded salines of Ukraina there- 
fore are sodium salines. 


3. Together with carbonates, the soils described display a certain 
contents of chlorides and sulphates, the quantities of which with the southern 
representatives of these soils, are fairly considerable, while in those of the 
north, especially on the third terrace, they are often quite absent. 


4. In the distribution of salts along the profile of soils a certain 
regularity is also observed, namely: in the north they are chiefly concenl- 
trated in horizons, lying at the surface, which is typical of salines, while 
to the south, the soil in the present case seems to occupy an intermediary 
Position between alkali soils and salines, as salts are chiefly concentrated 
in the structural horizon and immediately beneath it. 

All the conclusions mentioned give only a general idea of the che- 
mical composition of the salines of Ukraina, their detailed investigation 
in this respect, being but recently commenced. 
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The vegetation of the saline soils of Ukraina. 


Without describing the vegetation of the saline soils in detail, a few 
characteristic growths only, which bear witness of one or another type of 
those soils, shall be shown. 

For the salines of sea coasts and of the margin of salt lakes of 
Ukraina containing chlorides and sulphates the following typical succulent 
galophites are characteristic: Halocnemum strobilaceum M. B. Obione ver- 
rucifera M. T. and in more humid places: Suaeda maritima Dum., Sali- 
cornia herbacea L. On the columnar alkali soils of southern Ukraina grow: 
Kochia prostrata (L) Schrad, Artemisia maritima fragrans Pez., Statice 
sareptana Becker, Camphorosma monspeliacum L; the latter, especially on 
sandy soils. On regraded salines, with a high content of chlorides and 
sulphates grow: Statice Gmelini Willd., Artemisia maritima L, Plantago 
maritima L, Atropis festucaeformis Bois., while on the regraded sodium 
salines—columnar and nutty—the most characteristic growths appear to be: 
Camphorosma annum Pall.and Atropis convoluta Gries. On the regraded 
northern alkali soils of platy structure, only the forms of subsaline mea- 
dows grow. Taraxacum bessarabicum Hamd-Maz, Trifolium fragiferum L. 
With the beginning of the degradation of alkali-soils a meadow and swamp 
vegetation is settling in the small depressions and ,pods*: Agropyrum 
gepens P. B. Beckmannia eruciformis Host., Carex stricta Good. Hessocha- 
ris palustris R. Br. A very characteristic water growth for such temporary 
lakes is the Ceratophyllum tanaiticum Sapeg. This plant attracts especial 
attention, its fruits having been found in fossil flora—in the peat of the 
northern part of the steppe zone, where alkali soils are not to be met 
with at present, but occurred probably in the beginning of our epoch and 
have been subequently subjected to leaching, degradation, and finally, as 
a result of accumulation of water on their surface, to a transformation 
into peat. 

Origin of the alkali soils of Ukraina. 


As has already been pointed out, in connection with the new theory 
of the origin of alkali soils, the problem of the reasons of their existence 
in each given region should be considered not only from the point of 
view of those soil-processes, which take place during their formation, but 
also from that of the geological conditions, explaining the salinity of soil- 
forming rocks of this region. For the solution of the second question it is 
indispensable to explain the origin of the salts, these rocks ere containing, 
and the moment of their appearance. 

As to the question of the origin of the salts, present in the soil- 
forming rocks in both regions along the course of the Dnieper, there is 
hardly any doubt, that the socalled ,motley“ clays, lying almost all over 
the Ukrainian territory between the Tertiary and Post-Tetriary sediments, 
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were one of the factors of the formation of these salts. These clays usually 
of red and red-brownish colour contain a multitude of large lime concre- 
tions and groups of gypsum crystals as well as easily soluble salts, especially 
the chloride of sodium. The salts of these clays, are also at present the reason of 
the salinity of the ground waters in many localities of Ukraina. Within the 
limits of the left bank Dnieper terraces, these clays are absent, as they 
were evidently washed away during the formation of the terraces. East of 
these terraces, and on the right bank of the Dnieper, they appear eve- 
rywhere and could have supplied the salts’of the terraces at the time of 
their formation. It is possible, however, that a certain role in this pro- 
cess was also played by the salt content of the waters, which have built 
up these terraces. It should not be forgotten, that, as was pointed out by 
W. W. Dokuchaiev, the glacier, moving over more than 1100 versts 
(1100 km) from northwest to south east, was destroying, crushing scouring, 
grinding and with the aid of glacial-waters partly differentiating hundreds 
of different rocks, lying on its way and removing their debris to more 
southern latitudes. Owing to this process, acting during thousands of 
years, owing, on the other hand, to the chemical and physical weathering 
of these rocks continuing all the time, very diverse products of glacial 
activity were bound to appear, among them materials, chemically dissolved 
in glacial waters, as for instance various carbonates, sulphates, chlorides 
and other salts (10). 

As to the second problem, concerning the time of the appearance 
of salts in the described regions, some more or less probable supposi- 
tions may at the present time be expressed, chiefly in connection with 
the latest works of professor B. L. Lichkov (6). As already men- 
tioned, the third terrace of the Dnieper is covered with loess and glacial 
sediments; consequently it must be of Pre-glacial origin and finally 
shaped in the glacial time. According to Lichkov, the origin of this 
terrace is connected with a glacier of the ,,Riss* glaciation and its extra- 
ordinary breadth depended on the existence of a barrier of crystalline 
rocks, till now, blocking the course of the river, southwards. The third 
terrace of the Dnieper is a lacustrine water-logged flood-plain, from the 
time of the Riss glaciation, corresponding with the Tirene terrace (De- 
peret) (4). In connection with such origin of the terrace, its peculiar relief 
consisting in a multitude of shallow basins, small depressions, broad shal- 
low valleys and other peculiarly depressions with undulating borders, also 
becomes comprehensible. All these are remnants of those ,ox-bow“, ,,cut- 
off“ and other depressions, which characterise every flood plain. To the 
same category of dried river beds and cut-offs“ belong the »pods* on the 
third terrace in the lower course of the Dnieper river. The highly peculiar 
form of this terrace, according to Lichkov (6), leads to the assumption, 
that it may represent the sea-coastal part of the terrace, i. e. the begin- 
ning of the ancient delta of the Dnieper. 
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The formation of the second terrace is connected with the last ,Wiirm*“ 
glaciation, the deep dissection of its surface being due to its compara- 
tive youth. 

In connection with the described origin of the terraces, the time of the 
appearance of salts in them may be easily ascertained: it must be evi- 
dently, referred to the period, when they represented a flood-plain and the 
process probably was heightened when the drying up of their surface con- 
nected with the general lowering of the basis of the Dnieper erosion 
began. It is possible, that the salts began to appear in the sediments of 
the third terrace as far back as in the last Schelian inter-glacial epoch, 
though it is scarcely possible to doubt, that during the formation of the 
second terrace, the third one was already highly swampy, as somewhat 
further northwards, it was washed by the streams of the Polessian ice-lobe 
of the ,Wiirm“ glaciation. This lobe as Lichkov suggests formed 
a broad basin, the water of which has built up the second terrace. In con- 
nection with this it may be assumed that the salts in the quantity of obser- 
ved at present have accumulated in the sediments of both terraces during 
the Postglacial epoch at the time of their drying up. To the same con- 
clusion points the circumstance, that the third terrace is most saline in its 
northern part, in the immediate vicinity of the region of the former Polessian 
basin. There is no doubt, that in cases, where salt-containing ground waters 
approach to the surface, or there is a source of salt such as saline rocks, 
the formation of salines is possible in a rather cold and humid climate, 
even in the tundra. Nevertheless, it must be assumed, in connection with 
the very wide extension of saline soils in the region described, that the 
climatic conditions at the time of the formation of these salines are more 
similar to those of the steppe, or even of the semi-deserts, however not 
to those of the deserts, as under desert conditions, compact layers and 
interbeds of gypsum, absent here, develop in the salines. Probably, some 
digressions northwards, of steppes and deserts then took place and as 
Lichkov believes ,the steppes and semi-deserts of the time in Ukraina 
represented relatively small branches of the immense then, as well as now 
Asiatic deserts. In this temporary marginal semi-desert, 
tivers continuously were flowing depositing their po- 
werful accumulations (6). It is possible, therefore, that the time of 
the appearance of salts in the terraces is related to the boreal and 
Subboreal periods, during which the climate was warmer and dryer 
not only in Europe, but, according to most recent data, also in North- 
America (11). Together with the lowering of the Dnieper erosion basis and 
drying up of the terraces, began the washing of salines, formed on them, 
by atmospheric precipitation, and their transformation into alkali soils. 
In more depressed places, in connection with the stagnation of water on 
their surface, began their regradation and the formation of the podzol-like 
Soils ,solodee*. It is perfectly clear, that on the third terrace, which has 
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dried up much earlier than the second, this “process was bound to pro- 
gress much further than on the second one, this fact being observed in 
reality. As has been seen, the chlorides and sulphates are nearly absent 
in the soils of the third terrace, moreover among the latterare widely spread 
the salines of platy structure, bearing clear traces of former degrada- 
tion. Apparently, in this dry period of the existence of the terraces, the 
lower horizons were also considerably burrowed by rodents. Simultaneously 
at a certain depth concretions or entire interlayers of lime were origi- 
nated as a result of normally progressing leaching of the soils. Subsequently, 
achange in the hydrological conditions of the terraces again occurred, 
their surface became swampy, the ground waters level rose, and as a result, 
they took the aspect, which they have retained till now. The question as 
to the causes producing such a change in the hydrological conditions of 
the terraces in our epoch is not yet clear, though, undoubtedly such change 
took place, as it is definitely confirmed by the soils of the terraces, espe- 
cially by the regraded salines. From the description of the features of these 
soils, it was evident, that they represent sajines, in which traces are clearly 
distinguished of their former belonging to columnar and even degraded 
alkail soils. At present they are swampy, humid and effervescent from the 
surface, but besides structure, they have retained a multitude of steppe- 
rodents’ burrows and lime concretions, both at present being frequently 
in water, the concretions half destroyed by water and covered outside and 
inside with rusty spots of hydroxides of iron. All this undoubtedly proves 
that the soils in question at their time lived through a drier period. The 
soils described were first revealed by the author in the Volga river region; 
subsequently they were found in Siberia by professor Baranov and 
simultaneously in Ukraina by prof. W. Krokos, G. Makhov and the 
author. W. Krokos bases his explanation of the formation of these soils 
on the Black Sea coast, within the limits of the second terrace of the 
Dnieper, on the theory of secular oscillations of the shore line; he believes 
that a sinking of the coast takes place there at present, and connected 
therewith, the rising of the ground-water table. The swamping of the ter- 
races in the medium course of the Dnieper may be explained by a strong 
submersion by the river waters of the Polessian basin, connected, accord- 
ing to Lichkov, with its sinking during the Post-glacial time, when the 
second terrace of the Dnieper had already been formed. Nevertheless, 
taking into account the wide spreading of the regradation process of sa- 
lines outside the basin, it is also possible to propose a more general 
explanation of it, connected with the change in climate in the Postglacial 
epoch, and the properties of the alkali soils themselves. In fact, if it be 
assumed that the climate became more humid, with the beginning of the 
Subatlantic era, which is proved in many ways, it would inevitably pro- 
duce a swamping of the soil and a general rising of the ground-water 
table in districts with a considerable distribution of alkali soils. It should 
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be noted that an alkali soil even in the first phase of its development is 
almost completely water-tight and therefore in districts of alkali soils an 
immense quantity of small and large temporary lakes, which dry up in 
summer, are always observed. And as the alkali soils are usually met with 
in depressions, which, as has been seen are the remnants of the former 
depressions of the flood-plain, such stagnation of water, in the course 
of time, may produce a general swamping of the locality, the settling of 
forest and paludinous vegetation on the degraded alkali soils and even the 
formation of peat-bogs, as well as the regradation of salines. Such expla- 
nation may be well applied to the alkali soils, of the second and third 
terraces, and only for the alkali soils of the first, flood-plain terrace, gene- 
tally also containing traces of a previous dryer period, it is indispensable 
to accept the more general causes, which called forth a general rising of 
the erosion basis. 

Thus, if even a slight increase in the humidity of the climate is 
admitted, such increase, producing almost no change in the ordinary 
soils, may effect a complete swamping of alkali soils, owing to their water- 
tightness. In favourable conditions of relief such swamping of saline soils 
may be produced even by a relatively small quantity of atmospheric pre- 
cipitation. Thus, in the completely swamped, northern part of the third 
terrace of the Dnieper the annual quantity of precipitation is only 480 mm. 

Such are the geological causes of the formation of saline soils in 
the lower and medium Dnieper region, and they may also explain the for- 
mation of all types of soils existing here. 

Without dwelling on the explanation of the formation of alkali soils, 
from salines and the process of degradation of alkali soils, as was done 
by the author in another paper (13), it is necessary to point out here that 
both of these processes are the results of the replacing of the absorbed 
sodium, by calcium as this was proved by K. K. Gedroiz; and the 
subsequent formation of sodium carbonate. This compound must be consi- 
dered as the chief factor of further formation and destruction of these 
soils. If the destruction of the soil is intensively progressing, it affects 
both the humates, and the aluminous silicates of the soils, resulting 
in the formation of podzol-like alkali soil. In the process of a slower 
degradation, grey alkalisoils of nutty structure, are formed as 
intermediary products. The same processes take place during the regra- 
dation of alkali soil into saline. Namely, if a mature alkali soil comes into 
a condition of extreme moisture from below, produced by ground waters, 
Simultaneously with the evaporation of the water from its surface it will 
be gradually impregnated again with the salts, which were formerly 
washed out, to a certain depth. In addition to that, if this alkali soil is 
a relatively young, slightly leached one, chlorides and sulphates will pre- 
dominate, otherwise, in case it is more intensively leached, the carbonates 
will be the predominating salts and sulphates and chlorides may be quite 
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. Among the carbonates, the most important part is seemin 
oe (H CO.) the calcium of which rising to the horizons, a we 
Na, will replace the latter, producing NaHCOs. As this process takes pj ith 
in conditions of sufficient moisture, it produces such a content of the = 
bonate of sodium, which is never met with in dry alkali soils. Subsequent, 
a part of NaHCOs, probably is transformed into Na,CO,, wherefore pad 
percentage of the latter is unstable and comparatively low. Thus g sodium. 
saline is originated having still a columnar Structure in the first stages 
of regradation, but being subsequently modifyed into a black salin« 
of nutty structure. The salt content of a degraded alkali soi] may be 
similarly heightened and originate a saline of platy Structure, Such 
soils are widely spread in the northern part of the medium Dnieper region, 
All the above stated as to the origin of the saline soils of the Dnieper region 
may also be applied to other river valleys of Ukraina, the only difference 
lying in the fact that their development here took place on a considerably 
smaller scale and over smaller areas. This fact depends on the cOmpara- 
tive youth, smaller size and immaturity of those valleys, and also on the 
absence of those crystalline barriers, similar to rapids, which in Past times 
impeded the normal flow of the Dnieper. Analogous conditions with 
that of the Dnieper land, may be observed only further east in the region 
of the Don glacial lobe. ie : 

Based on the above-mentioned principles, the conclusion is inevi- 
tably reached that all the statements of the new theory of the origin of 
alkali soils, when trying to apply them to the saline soils of Ukraina, 
are fully confirmed. At the same time »the method of alkali soils‘, is fully 
justifed by the fact that, where the formation of ancient terrace sediments 
might have been expected, on the ground of a wide spreading of alkali 
soils, they subsequently were revealed by geologists, in reality. 


Utilisation and improvement of saline soils in Ukraina. 


The question of methods of utilisation and improvement of saline 

‘Is in Ukraina is being investigated at two Experimental Fields, those 
soils bov and Makievka. These Fields are situated in the northern 
of oe ah medium Dnieper saline district, so that one conducts its expe- 
part y on the second, and the other on the third Dnieper terrace. The 
— ations of the Drabov Experimental Field showed that the process 
po nae and inter-row tillage and cultivation of crops on these soils 
“a ae salines) must not be directed towards conservation of moisture 
nah should concur to render the soil more loose and the evapora- 
tion more slow (14). Such conclusion is fully corresponding with the fact 
that under regraded salines the ground water table is very high. In spring- 
time their level lies at a depth of from 50 to 100 cm. from the surface and 
only towards the end of summer it sinks to 2 meters depth. Experiments 
with ploughing at different times and to different depths revealed that 
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early and deep ploughing of the fallow considerably improves the crops. 
Experiments with various fertilisers proved, that only yard manure gives 
a noticeable increment in yield, while tomas slag gives a slight increment, 
and gypsum influences neither the yield nor the features of the saline- 
soil. The above stated point of view on the origin of such soils fully 
explains this phenomenon. The favourable effect on the soil of yard 
manure is perfectly comprehensible, if it be taken into account that besi- 
des enriching the soil in nutritive substances it increases the content of 
CO, in it, which favours the transformation of Na,CO,; into the less harm- 
ful NaH.CO;. Likewise it is quite comprehensible why gypsum did not 
at all influence the soil; the application of gypsum, while somewhat 
heightening the contents of Cain the soil solution, could only increase the 
replacing by it of the absorbed sodium and the formation of bicarbonates, 
the latter however being counteracted by the introduction of the ion SO,. 
In connection herewith application of gypsum to such soils appears not 
only purposeless but even harmful, because, with the considerable deve- 
lopment of deoxidation processes in them, it may lead to the formation 
of H,S. Better results are obtained by application of ammonium sulpha- 
tes, but the question of the improvement of the mentioned salines is, of 
course, not solved as yet, as the ammonium sulphate can transform sodium 
salines into salines containing sulphates for a time only, the formation 
of the carbonate of sodium being soon again continued. The best method 
of improvement of sodium salines proves to be, as the author indicated 
above (3) an abundant application of organic substances, such as yard 
manure or peat and compounds containing phosphoric and _ nitric acids 
easily set free, but by no means sulphuric acid as was suggested by 
K. Gedroiz (15). Among such substances the author had proposed to 
try, on the one side superphosphate and on the other some waste mate- 
rials from the manufacture of explosives. That the application of great 
quantities of yard manure and of various organic debris appears the 
most effective means for radical improvement of sodium salines has been 
empirically and definitely proved by the Ukrainian peasants themselves, 
and shortage of yard manure alone has been preventing them from car- 
tying out such improvement on a large scale. In connection herewith the 
reason becomes perfectly clear of the failure of the experiments at the 
Drabow Experimental Field, which showed that not one of the methods 
tried for cultivation and manuring annihilated or even decreased the exist- 
ing spots of sterile, barren salines. Experiments of the Field nevertheless 
lead to the perfectly correct conclusion that the ,maintenance of a definite 
rotation in fallow and cultivation and the application of large quantities 
of yard manure to the fallow, may considerably improve the soil and decrease 
Spots of salines‘, 

Investigation on the Drabow Exparimental Field of separate cultures 
Shows, that among plants requiring cultivation after planting, the beet 
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must be placed first, and the potatoe second, whereas vetch and buck- 
wheat proved very sensitive to saline soils. Among Graminae millet 
proved the more hardy after which came rye, wheat and barley, oats pro- 
ving the least hardy. 

The salines of the Makievka Experimental Field are also of the 
kind of regraded sodium salines but almost do not contain chlorides and 
sulphates. Field experiments have been conducted on these salines for 
a short period only and it may be assumed that, being under the capable 
leadership of Prof. K. K. Gedroiz, they will yield valuable results in 
the nearest future. 

As regards the southern medium Dnieper region of the Ukraina, it 
has only recently been proposed to commence experimenting on the 
utilisation and improvement of its saline soils. It is evident that in con- 
nection with they considerably containing chlorides and sulphates the 
first step to be taken towards their utilisations will consist in the selec- 
tion of salt-enduring plants, which at the same time are suffi- 
ciently rich yielders. The saline barley, described by the author, de- 
serves some attention from this point of view (Hordeum Bogdani Vilen), 
a perennial turf grass, wild growing on the most sterile, barren salines 
in the vicinity of the salt lake Elton. At present it is sown in Kharkov 
and will soon be subjected to experimenting. 
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Concerning the principles of a genetic soil classification. 
Professor D, G, Vilensky. 


If we have sufficiently studied the factors 
of soil formation, we may foretell in advance 
what the soil itself must be like. 

V. V. Dokuchaiev. 


If we know the nature of the soil forming 
agents and have at our disposal a sufficient 
number of previously observed facts, we may 
outline in advance the genetic series of soils 
and foresee their sub-groups and varieties. 


N. M. Sibirtsev. 


The soil is a distinct natural body and as every natural body, is 
characterised by a series of both external and internal characteristical 
features. In the first place it has its definite m orphology, which 
manifests itself in its colour, structure and general profile; then, it has 
acertain internal constitution that is, its petrographic 
composition, texture and physical properties, which are 
dependant on the relationship existing between the three different phases 
of soil—the solid, liquid and gaseous phase—and the physicochemical stru- 
cture of the colloidal complex, Further, soil has a definite chemical 
composition and besides a ceftain periodicity, a certain pulsation of 
physico chemical processes may be observed in it, which is usually spoken 
of as its dynamics or even the life of soil. This pulsation of soil 
processes may to a great extent be considered as a reaction produced by 
soil to the changes, occurring in the surrounding outward conditions, 
that is, soil also has its own ecology. 

Finally, soil, as every natural body, has a certain distribution in 
space—its geography andacertain history of its development, 
which lasts during a definite period of time (the age of soil) and is 
connected with these or the other changes inthe characteristical features, 
the texture and the composition of soil (evolution and meta- 
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All the above stated characteristical features pertaining to soil as to 
a natural body entirely correspond with those characteristical features 
which may be found in every natural body. In one respect only—but that 
the most important one in the respect of its ge nesis the soil possesses 
its own specific features, which pronouncedly distinguish it from among 
all other natural bodies. Whereas in the formation of minerals and living 
beings nothing but a realisation of their inherent physico-chemical proper- 
ties takes place which are less complicated in the process of crystallisation 
and more in the process of an ontogenetic development of a vegetative 
or animalorganism and the outward conditions may have the effect of but 
increasing or decreasing this realisation; soil in all instances is the pro- 
duct of outward factors, the so-called factors of soil forma- 
tion, and can neither arise nor exist by itself, without their help. In a 
similar way the evolution of soil is not a result of the processes 
which occur within this soil, but the consequence of changes occurring in 
the conditions of soil formation. From this view-point such definitions as 
autogenous or automorphous (terms used by Richthofen ’*) 
in his time, and even now used by S. S. Neustruev *) should never 
be applied to soil, as in its nature soil always is an exogenous body. 

Each of the above stated soil characteristics may be the object of 
an independent study and consequently it is quite possible that soil 
science will in future be subdivided into a series of independent discip- 
lines, as it is even at present perceivable. At the same time every one 
of the above mentioned characteristical features may serve as a basis for 
soil classification. 

The classification of soils according to their morphological 
features isthe problem of soil syste matics, which is establishing a 
subdivision of soils into types, subtypes, etc, according to their 
colour, structure and other outward manifestations of the process of soil 
formation. It is doubtless that a similar morphological classification of 
soils serves as a foundation for all other systematisation of this kind, as 
only this classification is able to provide the material which is necessary 
for such systematisations. The successfulness of this classification to a 
great extent depends on the fact, whether the system of taxonomical 
units has been established with sufficient correctness and finality and 
whether the classification and nomenclature of separate morphological 
features has been studied with sufficient accuracy. 

Of no lesser importance is the classification of soils according to 
the features, depending on their inner constitution, on their texture, 
their petrographical composition, or we should better say, 
according to the composition and origin of the parent material. 

A classification of soils according to their chenrical composi- 
tion, in connection with the dynamics of the physico-chemical processes 
occurring in soil, is also of great interest. However, a similar. classifica- 
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tion, just as in the case of the physiology of organisms, is in no Way a 
classification of soil bodies, but of the processes of soi] forma- 
tion. The recent classifications of Professor K. K. Gedroiz *) and 
S. S. Neustruev *) are an interesting example of a similar classifica- 
tion of the processes of soil formation. 

It is also possible to classify soils in accordance with the characte- 
ristic of their relationship to some one factor of soil-formation, such as, 
for instance, water. Such classifications are e c olo gic a classifications. 

Soils may also be classified in accordance with the degree and 
nature of their geographical distribution. The most universal 
of such geographical classifications is Sibirtsev’s widely 
known classification, which will never lose its importance. Thus, we see, 
that soils may be classified according to most various characteristics and 
that each of these classifications has a full claim to existence and frequ- 
ently is even quite indispensable. At the same time each of these clas- 
sifications is to a certain extent genetical, as the characteristics which 
are put at the basis of a similar classification, are very closely connected 
with the genesis of soils. Nevertheless, it is quite evident, that not one 
ot these classifications is genetical in the true meaning of the word, that 
is, in the sense of the natural system of Ss Oils, as of natural 
bodies, the system which since the days of Linné is considered to be 
the ultimate problem of every science, 

What are the characteristical features which a similar natural system 
of soils must possess? 

In the first place, such a system must be based just like any other 
natural system, on the characteristical features and properties of the clas- 
sified bodies themselves, not on conditions of their existence and 
distribution. Further, these bodies must be united into groupes, according 
to the uniformity of their properties and origin, and distributed within 
the limits of each group with the purpose to show their mutual connec- 
tion and, finally, these groupes must be compared in a manner, as to 
show whether they are connected with each other or genetically entirely 
independent. Nevertheless, owing to the fact that soil always is a product 
of factors of soil formation, it naturally follows that any ccmparison of soils 
according to their origin is at the same time a comparison according to 
the conditions of soil formation and consequently a genetical classification 
of soils is at the same time a classification based on the factors of soil 
formation. This principle concerning the close genetical connection which 
exists between soil and the factors of soil formation has already been 
exposed with sufficient distinctness by the founders of genetical soil 
science—V. Dokuchaiev and N. Sibirtsev, These scientists have 
repeatedly emphasised that if the factors of soil formation are known ,it 
is possible to foretell what the soil itself must be like« 4) and even ,form 
in advance the genetic series of soils“ *); on the other hand on obser- 
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ving the soil one may just as clearly imagine the whole picture of the 
physico-geographical conditions which it is surrounded by. Therefore a 
genetical classification of soils cannot be entirely separated from the 
factors of soil formation; hence, as has already been duly mentioned by 
E. Hilgard, this classification must also be a geographical one. 

We will further analyse from this view-point the classifica- 
tion of soils on the basis of analogous series in soil formation, 7) 
suggested by us in 1923 and also point out those similar features 
which it doubtlessly has with Prof. E. Ramann’s well-known system of 
soils 9), In forming this classification we attempted to dispense, as 
far as possible, with the outward conditions of soil formation and to 
draw a comparison between soils only on the basis of their proper 
characteristics, moreover comparing only such soils which had been pre- 
viously described with accuracy and which can be reproduced. In the 
first place it was necessary to establish the system of classification units 
and to attribute to each of these units a strictly definite taxonomical 
value. The following system was established: 

1) division 

2) type 

3) subtype 

4) group 

5) variety. 

Following the example of the majority of Russian soil scientists, the 
» type“ was considered as the essential unit, meaning by the term ,soils, 
possessing an identical or very similar complex of mor- 
phological features, which they preserve in various 
geographical situations and on various parent rocks* °%). 
This attempt to avoid anything that reminds one of factors of soil forma- 
tion, did not entirely succeed, owing to the peculiarities of soil as of an 
exogenic natural body and the very names which were given to the 
various divisions carried in them the reflection of the prevaling factor. - 
Owing to the fact that there are four such factors: heat, water vege- 
tation and the parent rock—four essential divisions were establi- 
shed, and named in accordance with the predominance of one of these 
factors. Besides the four essential divisions: 


the thermogenic division 

the hydrogenic division 

the phytogenic division 
_the halogenic division 


six transitional divisions were also established. 

A short time after this classification had been published it was noted 
in literature, that it contained a climatical and geographical element in it, 
though in a concealed form %). Indeed it is not difficult to see that this 
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system illustrates by means of soil, that general coordination which is 
observed in the distribution of climate and vegetation types over the 
earth’s surface and which has already found sufficient reflection in a num- 
ber of reports. With regard to vegetation we have a clear illustration of 
this coordination in Brockman-Jerosch and Riibel’s well-known 
diagram. 

The essential features of this diagram may be shown by the follow- 
ing table: 


TABLE 1. 
~_ Regions of hu- i rai —. 
tae oe ii Waterless Arid Semi-arid |Feebly arid as Page Humid 
of heat vst 
——— LL 
Polar. Polar de- | Dry Tun- | Feebly- Swampy Forest 
serts. dras. swamped | Tundras. Tundra. 
Tundras. | ? 
Cold. ? ? ? Meadows. | Taiga Taiga 
| Forest. Forest. 

Temperate. Deserts of | Semi-de- | Dry Step-| Steppes. | Forest- Deciduous 
the Tempe-) serts of the pes. Steppe. Forests 
rate Zone.| Temperate 

Zone. 

Subtropic. Sub-trop- | Sub-trop- | Sub-trop- | Sub-trop- | Evergreen | Laurel 
ical de- | icalsemi- | ical dry | ical step- | forests. forests. 
serts. deserts. Steppes. | pes. 

Tropic. Tropical Tropical Dry trop- | Tropical Savanna. | Evergreen 
deserts. semi-de- | ical step- | steppes. Tropical 
serts. pes. Forests. 


In the given table the vegetation types of our planet are placed on 
the one hand in correspondence to the Zones of Heat (according to 
V. Keppen); on the other, in accordance with the Regions of Humi- 
dity, the number of the latter being the same as proposed by G. Wieg- 
ner 1), though they are defined by somewhat different names. It is 
doubtless, that the absolute amount of atmospheric precipitation in the 
humid regions of the polar and the tropical zones is not to be compared. 
But if we also take into consideration the evaporation processes and 
accept the ombroevaporometrical coefficient as a basis for classifying cli- 
mates according to their humidity (the ratio between rainfall and evapo- 
ration) 1) then the analogy will be complete, as the increase in the 
amount of atmospheric precipitation towards the tropical zone is compen- 
sated by an increase of evaporation. 

Now, if this table be compared with the classification table of soils, 
on the basis of analogous series in soil formation, we shall see the follow- 
ing picture (Table 2). 
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This may also be presented in the shape of a diagram (Fig. 1). 

It clearly follows from these tables and diagram that the five divi- 
sions of zonal soils correspond to the five zones of heat of the globe 
(according to V. Keppen) and that the five types of soil within the limits 
of each zone correspond to the types of climate, established in 
accordance with one characteristical feature, that is, its humidity. There 


Regions. A SA FA SH H 


Figure 1. Classification Diagram of Zonal Soil types. 
Zones: P—polar; C—cold; 7—temperate; Str.—subtropical; 7r.—tropical; an, f/—mean 
annual temperature.—R e gions: A—arid; SA—semi-arid; FA—feebly arid; SH—semi-humid, 
H—humid; rf. ev.—ratio of Rainfall to Evaporation. — Soil types are defined by their letter 
symbols. 


can hardly be any doubt with regard to the correctness of the first clas- 
sification. But in establishing the types of climate we are until 
now obliged to be guided chiefly by indirect indications. That is, 
we are forced to draw our conclusions concerning climate from the 
results of its effect, such as vegetation and the soils themselves. Thus, 
for instance L. S. Berg states that the climatical zones which he 
had established and which correspond with the types of climate 
could be ,almost without ary limitations called soil zones, as, according 
to Dokuchaiev soil is the mirror of climate‘ '). If the types of cli- 
mate established by Berg should be distributed, according to the zones 
of heat, the following picture would present itself: (Table 3). 
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The types given in brackets Berg considers to be transitory types, ‘ 
but does not include them into his classification ,as this would compli- 
cate the classification, and besides these transitory types are as yet but 
very insufficiently studied with regard to climate“. But even in the given 
aspect the correspondence with types given in Table 1 seems to be 
almost complete, with the exception of the Cold and Polar zones. Neverthe- 
less, the joining of the Polar zone climates into one type of ,Tundra“ 
climate is doubtlessly due to the scantiness of knowledge we possess in 
this respect; as we, for instance, know that the annual amount of rainfall 
there, is very different in various places. — In the European and 
West-Siberian ,tundra“ it amounts to 330 mm, in East Siberia and North 
America it is 230 mm, on Bering’s Island— 480 mm; besides there are 
regions here with a pronouncedly continental climate and others with 
a humid sea climate '4), All that has been said may be equally applied 
to the Cold zone, where the amount of rainfall varies between 300 and 
600 mm. and where there are regions with the most pronounced conti- 
nental climate, and regions with a typical monsoon climate, with abundant 
summer rainfall. The first regions are covered with ,taiga‘, the second— 
with meadow and meadow-swamp vegetation, as has been shown in 
Brockmann-Jerosch’s and Riibel’s diagram and as it is observed 
within the limits of the U.S.S.R. in the Far East on the shores of 
Okhotsky sea, on the Kamchatka and in the Ussuriysk —Primorsky Region. 

With regard to the climate types of other zones, the correspondence 
with the subdivision presented in our table is almost complete. It must be, 


137 
however, mentioned that some of the mentioned types may be spread but 
over a very limited area and therefore remain unnoticed; nevertheless 
their theoretical existence is quite possible and, probably, even un- 
avoidable. 

Thus in comparing the classification of soils on the basis of analo- 
gous series of soil formation with the classification of climates and vegeta- 
tion of the earth we observe an almost complete correspondence. This 
correspondence is another proof that soil indeed is a mirror of climate 
and vegetation, as soil data enable us to establish a complete picture 
of the distribution of vegetation and climate types; on the other hand, 
if one has the knowledge of the combination of the general physico-geo- 
graphical conditions of a given region, one is able to tell in advance 
what soils are to be found there. Furthermore, owing to the fact that 
soils are bodies possessing definite and distinctly pronounced outward 
characteristical features, they are more easily subjected to study than 
climate and are always found in a more natural, more intact condition, 
than vegetation. Therefore soil data may supply a series of indications 
for a completer understanding of the coordination existing in the distri- 
bution of the vegetation and climate types themselves. As has already 
been mentioned soil data particularly support the fact that it is necessary 
to distinguish in each of the zones of heat of the earth its own appro- 


priate deserts, semi-deserts dry steppes, steppes and forest 
regions. It must, however, 


: be here explained that from the pedological 
view-point the term , desert“ j 


mplies an extent of land entirely devoid of soil 
covering (Stony or sandy desert) 57). This last statement has recently been 


confirmed from the geo-chemical view-point by A. E. Fersman’s work. 
The author states that geo-chemically speaking a desert is a region of 
rising solutions, ,devoid of a humus soil covering, consisting of 
mechanically accumulated particles, differentiated by the power of the 
wind, with a general prevailency of the most chemically stable systems 
and a local accumulation of mobile non-stable chemical groupings‘. Geo- 
chemically polar deserts differ very considerably from subtropical ones ' ), 
Thus we see that a classification exclusively based on the characteristical 
features of soils, contains a complete reflection of those combinations 
of physico-geographical conditions, the result of whose effect on the surface 
of the lithosphere is soil. 

The five zonal divisions of soils the—three funda- 
mental and the two transitional—are the equivalent of 
the five zones of heat of the globe from the pedological 
view-point, the five soil types observed within the limits 
ofeach zone are equivalents of the five climate types 
within the limits of each zone and of the same number 
of types of vegetation. Analogous series of soils within 
the limit of each zone arethe result of analagous types 
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of climate and vegetation which exist there. In condi- 
tions of the sixthclimate type—the waterless type—there 
is no soil covering. The five intrazonal divisions of soil 
reflect the role and importance ofthe parent rock itself 
and of the ground water in the formation of certain soils. 
Those of the divisions whose soil forming process is effected in a normal 
way—that is by means of a downward percolation—-may be subdivided into 
types which are entirely analogous to zonal types; those divisions where 
such a process is impossible do not entirely follow the regulating of analog- 
ous series. 

Finally, the division of orogenic soils must include the soils of 
the vertical zones of the globe. As it has been pointed out by 
a series of investigators and Professor Ramann in particular the 
soils of mountainous regions are analogous but not identical to the 
soils of horizontal zones on plains. Whether this division must include 
only high-mountain soils or all the soils of the vertical zones is 
a question that is not yet entirely solved. 

The characteristical features of soil formation within the limits of 
each of these soil divisions, will mot here be discussed nor the types 
presented in the table, described as this has been already done by the 
author in previous papers ’*). Here certain essential features of these 
soil divisions will be only pointed out and few newly acquired 
facts which may complete our knowledge concerning them will be men- 
tioned. 

The hydrogenic division, that is, the division where the entire 
process of soil formation is affected by a constant superabun- 
dance of moisture, may be considered zonal only within the limits 
of the polar zone, as the soils of the latter—according to E. Ramann’s 
statement —,sind Feuchtbéden‘ %). Nevertheless, though the general 
characteristic of the soil-forming process prevailing in tundra soils is mostly 
very similar to that of the bog soil type (K. D. Glinka) 7) the soil 
covering here is as varied as it to be found in other zones. In the first 
place there are here polar deserts, where according to Fersman 
,an enormous accumulation of products of mechanical desintegration“ 
may be observed and, likewise to the sun desert of the south, the 
formation of mechanical forms of the relief, takes place within the 
zone of deflation of the desintegration products‘ '6). Polar steppes 
are also formed here, mentioned by many investigators and which 
are usually characterised by thin immature soils of dry tundra, 
bearing, however, distinct traces of swamping. Judging from Ramann’s 
report ,aride Bodenformen unter kalten Klima finden sich im Inner von 
Spitzbergen und Grénland* °). However, the prevailing type of tundra 
soils are the semi-bog soils and the bog soils both peaty and 
silty. Finally, podzol soils are also largely developed in the tundra parti- 
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cularly in its southern part—the forest tundra, and on sandy parent rock; 
these soils are of a concealed _ podzolised type which undoub- 
tedly stands in a genetic connection with the polar, not the taiga zone. 
The fact of concealed-podzolised soils being formed here instead of 
distinctly-podzolised ones is, as has already been mentioned by Glinka "), 
due to a large quantity of moisture contained. This moisture takes part 
in the process of soil-formation and hinders the normal percolation of soil 
solutions and the leaching of soil in the vertical direction, without which 
the formation of podzolised soils is utterly impossible. 

From this view-point, the concealed-podzolised soils are, probably, 
the polar analogue of the podzols of the cold and the podzolised soils 
of the temperate zones, whereas the podzolised-bog soils apparently, 
are usually secondary forms, caused by the prevailency of the process 
of swamping over that of podzolisation which had previously existed. 

The distribution of all the named soils within the limits of the polar 
zone of Eurasia is very varied and here we may define (according to 
A. Grigoriev) no less than four soil provinces |’). Thus, in the West 
of the continent, with its warm coastal climate, podzolised soils are largely 
developed and tundra soils to a smaller extent (the term tundra soils 
comprises here also bog-soils); on the contrary in the West-Siberian tundra 
with its purely polar climate, the complex of tundra soils prevails, whereas 
the podzolised soils are but slightly developed. In the tundra of East- 
Siberia, with its highly continental climate and its hot though short 
summer, the processes of podzolisation extend to comparatively high 
altitudes, and even saline soils may be observed, owing to the dryness 
of climate. ,Finally, the conditions on the coast of Behring’s Sea with 
its comparatively snowless and very cold winters and cool but extremely 
humid summers are again quite different; the study of their influence on 
soil formation being a problem of the future“. 8) Notwithstanding the 
variety observed in the soil covering of the polar zone, soil formation 
which takes place within this zone has a series of common features, that is: 
1) a constantly excessive moisture in all soil horizons, which on one 
hand is connected with the accumulation of slightly oxidated remnants 
of peat vegetation, on the other—with the appearance of processes 
of deoxidation and, in particular with the formation of ferro-salts. 
2) the inconsiderable part played by vegetation in soil formation, 
even in forest soils; 3) the inconsiderable part played by soil microflora 
in the processes of soil formation; 4) a predominance of physical pro- 
cesses of weathering and a generally observed slow progress of chemical 
processes and consequently a slow progress of soil formation. The 
type of soil where all these characteristical features attain their maximum 
is the bog soil and hence the entire type of the soil formation process 
in the polar zone may be characterised as ,swampy“ and the soils may 
be called hydrogenic. 
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The soils of the next division the phytohydrogenic soils are 
spreading within the cold zone which is a transitional zone between the 
polar and the temperate ones. As has already been previously mentioned 
the variety of climate and vegetation types observed in this zone 
is as great as in any of the others. Nevertheless due to climatical and, 
possibly, partly to geological causes, the greatest part of this zone is co- 
vered with forest vegetation—with ,taiga‘. This in itself is sufficient 
to show that the greatest part of this zone is covered with soils of the 
podzolised type, with a prevailency of their most typical representative — 
the podzol. 

The question as to whether these soils are formed directly on parent 
rock or whether they are necessarily preceded by other soils is by no 
means as yet solved. However, a number of investigators, Kossovich, 
Hemmerling, Philatov, Afanasiev and others) on the ground of 
theoretical considerations and observations as well—are led to believe 
these soils to be the final link in the soil-formation of a zone, and consi- 
der them to be preceded by the so-called turf and meadow soils. 
Indeed, similar soils, known by the name of ,turf* ,meadow“, ,dark- 
coloured‘ soils“ etc., are met with in many parts of the zone and accord- 
ing to Afanasiev are the remaining evidence and the essential stages 
of a struggle between two associations of vegetation 19), The most vast 
spreading of these meadow soils is observed in the Far East—in the 
Amour ,prairies“, where early investigators considered them to be swamped 
chernozyom soils. Nevertheless it may be now considered as finally estab- 
lished (Prokhorov, Polynov, Levitsky, Tomashevsky, and 
others) that meadow soils are highly developed here and alternate with 
semi-bog, bog and meadow-podzolised soils. According to Glinka, the 
settlement of forests on bog- and meadow podzolised soils is transforming 
these soils into forest podzolised ones. It may be observed in places 
how the podzolised horizon gradually develops and separates the thick 
humus horizon of the meadow soil into two portions: the upper and the 
lower 17). Thus it is doubtless that in this zone there are, together with 
soils belonging to the bog type of soil-formation, also soils of another 
type of soil formation—the meadow type. The former should be consi- 
dered as extra-zonal (that is, found outside the limits of its proper zone) 
for the cold zone, whereas the meadow soils according to the data obtai- 
ned should be considered here as zonal. Their series begins with the 
turf type, attains its maximum in the meadow type and ends as well 
as all series, by the podzolised type. It must be noted, however, that 
until now in investigating soils of the given zone all attention was almost 
exclusively given to the study of the podzol soils, whereas turf- and meadow 
soils have been scarcely at all studied from the view-point of their mor- 
phology, their chemical composition and the conditions of their formation and 
destribution. Nevertheless, judging from what we know of the soils of the 
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given zone, we may conclude that here together with a considerable 
temporary-abundant moistening of the soil, a considerable part is 
played by vegetation, as direct factor of soil-formation. The latter is 
a source for the accumulation of humus in turf- and meadow soils and 
creates conditions of decomposition both of humus and the whole of the 
mineral kernel of soil in the formation of podzols. Therefore this division 
of soils may be justly called phytohydrogenic. 

Phytogenic soils are the best studied soils of the globe and the- 
refore there can be no doubt as to their differentiation into a series con- 
sisting of five types, which correspond with the five types of climates. 
This series consists of grey soils, chestnut-brown soils, cher- 
nozyom (black soils), grey forest soils and podzolised 
soils. Brown coloured soils are not mentioned here as a separate type, 
for a great number of Russian soil scientists (Neustruev, Prasolov, 
Bezsonov, Abolin, and others) include them in the type of chest- 
nut soils-which is quite correct from the view point of the corres- 
pondence existing between the soil types and the physico-geographical zones. 
A greater knowledge of the soils of this given division has, apparently, 
been the chief cause of the fact, that in all soil classifications, both old 
and modern, chief attention was given to this division and its separate 
types have been considered as general types of soil formation at the 
CEpcuse of all other divisions, which were either not at all taken into 
consideration, or adapted to the types of the given division. The type, 
in which the essential features of the given division are the most obvious, 
is the chernozyom which is characterised by: 1) the largest accumulation 
of humus (5—15 p. c. and even more); 2) the largest absorption complex in 
general and its humate portion in particular; 3) the highest saturation of 
this comlex with calcium and magnesium, which is also connected with its 
maximum stability. 

With an increase of the dryness of climate a decrease in the accumu- 
lation of humus is observed within the limits of the given division, 
4 decrease in the absorption complex contained and the degree of its 
saturation with alkaline earths, owing to which fact it becomes more 
mobile. On the contrary, with the increase of the humidity of climate 
a gradual leaching of bases takes place, an increase in mobility and 
a gradual destruction of the absorption complex, both in its humate and 
zeolite part, a decrease in the humus content of soil and, finally, its 
transformation into a podzolised soil. Owing to the fact that the connection 
of the origin of chernozyom with vegetation has never been doubted since 
the days of Ruprecht *°) and could certainly never be doubted, and as 
the formation of all types pertaining to the given division is the result of either 
the direct of indirect effect of vegetation on parent rock, and, as its direct 
role as a factor in soil-formation is never more evidently manifest than in 
this division, the latter may justly be defined by the term phytogenic. 


142 


The thermophytogenic division is very slightly studied up to 
the present time, and soils belonging to this type have been but very recently 
discovered within the boundaries of the U.S. S. R.—by the author 
of the present report in Crimea?!) by Zakharov and Tiuremnov on 
the Black Sea coast and by Akimtzev in Talish *?), Notwithstanding the 
fact that these observations have not been sufficiently numerous and 
somewhat disconnected, the data obtained show that these soils are sub- 
ject to the general coordination which is observed in the other divisions. 
That is, they are found under conditions of various annual precipitation 
(386—508 mm. in Crimea; 1252 mm. in Talish near the Lenkorani), but 
always within the region of the subtropical Mediterranean 
climate. The vegetation covering these soils in just as varied, and its 
role as a factor of soil-formation appears to be here of secondary impor- 
tance. On one hand these soils are connected through their transitory stages 
with the soils of the phytogenic division; thus, in Talish to the north of 
Mugan they are gradually replaced by grey-chestnut, grey-brown and 
peculiar alkaline chestnut soils, whose lower horizons frequently also pre- 
serve their yellow colouring, higher up in the mountains they are replaced 
by feebly-podzolised and podzolised soils. On the other hand they are 
replaced by red soils, which are dispersed in spots among the yellow 
soils in Crimea and Talish. Therefore, there is every reason to consider 
them as a transitional formation between the soils of the temperate and 
the tropical zones and to apply to this division the term thermophyto- 
genic, at least such is the belief of all the investigators. 

With regard to subdividing these soils into types, this may be only 
done in a preliminary and very general form, owing to their being very 
slightly studied. The type of yellow semi-desert soils is as yet 
unknown. Concerning the yellow soils of dry steppes we may say 
that the soils which are spread in Crimea to the west of Gurzuf 
over dry hills covered with xerophile vegetation may possibly belong to 
the type. Their thickness here is 40—50 cm, and effervescence is observed 
from the surface. To the yellow soils of the feebly-arid type may 
belong those soils in which Akimtsev observed lime concretions at a 
depth of 80—100 cm. The same investigator pointed out yellow 
soils of the type of grey forest soils with a characteristic nutty struc- 
ture, but at the same time having yellow coloured lower horizons. Fi- 
nally, in Transaucasia and Crimea the yellow soils are affected by 
podzolisation, owing to which fact yellow-grey and brown-grey soils are 
formed which already belong to the type of podzolised yellow 
soils. Their illuvial horizon usually has a red colouring, particularly 
bright on limestones. Apparently, Ramann’s brown-soils belong 
to this type as in Western Europe they are the natural transitional stage 
between the more humid central part of the country which is covered 
with podzolised soils and the south Mediterranean part, covered with 
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yellow and red soils. It must also be noted that it is difficult to subdi- 
vide yellow soils into types to a great extent owing to the fact that with 
us and apparently in Western Europe as well they cover mountainous 
countries. Owing to a great complexity of conditions of soil formation in 
such countries, the soil covering also is of an unusual complexity here. 
The process of soil formation mostly corresponds here with the process 
of weathering owing to an exposure of the more ancient effusive and sedi- 
mentary rocks, and this prevents soil formation from manifesting itself to 
a full extent. In connection with the climatical conditions, the normal pro- 
gress of soil formation is greatly impeded by the incessant processes of 
denudation and accumulation which constantly destroy the normal soil 
profile. And finally, we have here ancient human culture, which always 
increases conditions unfavourable to soil formation. Nevertheless, the cha- 
racteristical features of the soils belonging to this division are generally 
speaking, very distinct and we may judge of it from the fact that the 
local population knows and distinguishes them very well, and even calls 
them—in Crimea and Talish—by an identical name ,sary-toprakh“, which 
means ,yellow earth’. 

Though the soils of the termogenic division are also as yet 
but slightly studied, neverthelless the fact of all the soil types mentioned 
in the classification table existing within this division is entirely doubtless. 
The red type of soil formation has been met with in tropical and sub- 
tropical semi-deserts by P. Vageler, C. Ulpiani, S. Passargé, and 
D. Dranitsyn; in dry steppes by K. Glinka, E, Ramann, D. Dra- 
nitsyn. According to the latter author these soils here are in their pro- 
file-characteristics and composition ,entirely analogous to soils of the 
southern horizontal zone in Asiatic Russia — the grey soils and the brown 
soils of the semidesert“ 2%). Similarly Glinka points out that the red 
soils of the semi-desert type, which are known in Spain, Brazil, Australia 
and Africa frequently contain at a certain depth more or less apparent 
precipitation of carbonates or concretions of carbonates, which is a sympton 
of unsufficient moisture. Such soils should apparently be considered as 
analogues of our brown semi-desert soils and grey soils adapted to the 
periphery of the temperate zone deserts, but analogues being formed in 
conditions of higher temperature *4). With regard to the degradation of 
red soils and their gradual podzolisation, it must be said that this pheno- 
menon has been observed by R. Lang, Dranitsyn, and Zakharov 
(in the neighbourhood of Batum). The latter author states that among 
these soils there are both soils less podzolised bearing a resemblance to grey 
forest soils of European Russia, and true podzolised soils as well, and 
that in both types ,the deeper horizons have preserved all the character- 
istical features of red soils“ 25), Thus, though the soils of the tropical 
zone are yet by far not sufficiently studied, though we know practically 
nothing of the réle which is played by vegetation in their formation, and 
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even do not possess sufficient knowledge as to whether laterite differs 
from the red soil and if so in what this difference consists, a series of 
data show that these soils include types analogous to corresponding types 
of the temperate zone. ) 

With regard to the genesis of these soils the personal observations 
of the author, though not numerous, have still led to the conclusion that 
the process of soil formation which takes place within them manifests 
itself from the very beginning by the motion of sesqui-oxides *). Thus, the 
conclusion is the same as was previously drawn by H. Stremme, and re- 
cently by K. Gedroiz *). Indeed, in observing in nature the transformation 
of podzolised soils into red soils, one necessarily comes to the conclusion 
that the red horizon of red soils may be considered as the illu vial 
horizon of podzolised soils, beginning at the very surface and becoming 
in the given case an eluvial horizon. Owing to the great activity of 
the processes of chemical weathering in connection with high temperature, 
a rapid decompositions of the mineral kernel of soil and an abundant 
formation of hydroxides of iron and aluminium takes place here, aS soon 
as the process of soil formation begins. Due to high temperature, these latter 
also become less mobile and remain at the spot of their formation. Thus 
high temperature is the chief factor in the process of soil formation of the 
tropical zone and we have every reason to call the soils of this zone 
thermogenic soils. 

Such are the essential features of the zonal soils, that is, soils which 
cover vast areas and within the limits of certain physico-geographical 
zones occupy, as to their spreading, a dominating position. This does not 
exclude the possibility of their appearing—owing to a certain combination 
of physico-geographical conditions — in other zones as well, though 
here they are no more in a predominant, but in a subordinate condition, 
In this case we may follow the example of I. Paczosky and call them 
extrazonal, that is, found outside the limits of their proper zone. Such 
extrazonal spreading of zonal soils is in the great majority of cases the 
result of a considerable effect either of the parent rock on the process of 
soil formation or of an excessive moistening of the soil. That is, it is due 
to the same factors whose active part in the process of soil formation 
leads to the formation of intrazonal soils. 

The effect of parent rock on soil formation within the limits of zonal 
divisions, is chiefly manifested in the change of the velocity of the soil 
formation process. Thus, on sandy soils poor in bases and almost depri- 
ved of the absorption complex the process of a complete decomposition 
of this complex progresses much more rapidly than in clayey soils. There- 
fore, podzolised soils are developing on sands almost within the limits 
Of all zones, including the tundra zone with its low rate of weathering, 
On the other hand in conditions of excessive moistening hydrogenic 
Semi-bog and bog-soils are formed on sands, even in the extreme 
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South. Contrary to this on rocks rich in lime the rate of the processes of 
soil formation is very low and dark coloured humus-carbonate soils (ren- 
dzines) of a chernozyom or meadow type are here formed even within the 
limits of the podzolised zone. In a similar way, as has been stated by 
Dranitsyn — the terra rossa of the Mediterranean region on limestone is 
of a much more pronounced type than the red soils found on surrounding rocks, 
which have already somewhat faded, due to the effect of the process of a 
podzolisation which has apparently begun here. Nevertheless, the type Of 
soil formation in the given region is, generally speaking, preserved in all 
the above stated instances. 

An entirely different process is observed in intrazonal soils, where 
owing to certain peculiar properties of the parent rock, the nature of soil 
formation is definitely altered. This exclusive role is played by the parent 
rock in soil formation in cases when it cantains absorded sodium, and 
therefore all saline soils belong to the intrazonal type. They are intrazonal, 
because the very presence of salt in rocks, is a condition inherited from 
its geological past or less frequently —a result of its peculiar topograph- 
ical situation at this given moment, owing to which fact such soils are 
usually dispersed in the form of separate groups among normal zonal 
soils; in the case of their covering larger areas this is to be enti- 
rely attributed to the geological past of these regions, not to their being 
adapted in our time to this or the other climatical zone. The saline soils 
are subdivided into four divisions and the connection existing between the 
latter, as well as their connection with zonal soils may be shown by means 
of the following diagram (Fig. 2). 

Such considerations may be stated with regard to each of these 
divisions. ; 

The genesis of soils of the halogenic division, which comprises 
the alkali-soils, is at present better studied than the genesis of soils 
of any other division, chiefly owing to the work of K. Gedroiz *). 
Recently the author of this paper has succeeded in experimentally producing 
the characteristical features of these soils in natural conditions. We must note 
that soil formation in the given division is dependant on the texture and 
chemical composition of the soil-forming material. On sandy soils poor in 
the absorption complex alkali-soils are observed but rarely and are not as 
a rule formed here. Similarly alkali-soils are not formed on soils contain- 
ing a large amount of calcium in the form of lime carbonate or 
gypsum. 

The soils of the halogenic division are subdivided into 
a series of tipes, entirely analogous to the types of zonal soils and adap- 
table to the same zones. The author has succeeded in establishing the 
causes of such zonality appropriate to alkali-soils in a series of works and 


at present it is hardly possible to doubt the correctness of the explana- 
tion given to the phenomena **). 
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Phytohalogenic soils are a transitory phase between the phyto- 
and the halogenic soils and are formed either there, where the absorption 
complex is but to a low degree saturated with sodium, or where the com- 


anifesting their 


position of the parent material prevents alkali-soils from m 
characteristical features. To these belong the so-called alkaline soils which 


may be divided into types completely analogous to phyto- 


and halogenic 
soils. 


The division of h ydrohalogenic-soils-salines is of interest 
in that respect that it is probably the only division which does not follow the 


Figure 2. Diagram showing connection between the zonal and Intrazonal Soil Divisions 
actual ——— connection. —.—,—. possible connection. Soil divisions are marked by their 
letter symbols. 


law of analogous series in soil formation. The cause of such en exception 
may easily be explained, but it only confirms the truth of the general law. 
In considering above the soils of the hydrogenic division we have already 
seen, that the normal process of soil formation consisting in a gradual 
decomposition of the mineral kernel and a subsequent removing of the 
products of this decomposition was not able to take place here, owing to 
an excessive moistening of soil, which prevents the removal of 
these products of decomposition from the soil. A similar excess of 
moistening we also observe in salines but here we find besides a conti- 
nual impregnation of the soil with highly soluble salts of alkalis and alkaline 
earths. The process of soil formation always progresses in all soils in the 
direction from the surface downwards, whereas in saline soils it proceeds 
in the opposite direction towards the surface; both the quantitative and 
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qualitative nature of the process is connected with a series of inconsi- 
derable, frequently casual conditions (topographical situation, exposition, 
micro-relief, the supply of ground water, its composition, the texture and 
chemical composition of parent material etc, etc), which cannot be subjec- 
ted to any coordination. Therefore salines are absolutely intrazonal 
soils and may appear in any zone (from the polar to the tropical) and in any 
climate (from the arid to the humid) in the form of the most various and 
inconstant varieties. To these the term type should hardly be applied just 
in the same way as the term ,genetic horizon“ should not be applied to 
the layers of the saline profile. Therefore it is hardly possible to classify 
them accordingly to their morphological features, but sooner by the compo- 
sition of the salts contained therein. 

The thermohalogenic division should be considered as com- 
prising the: saline soils of the subtropical and tropical zones, belonging 
to the type of alkali and alkaline soils, as saline soils are probably uni- 
form for all zones. It is possible that due to the peculiarities of soil forma- 
tion in these zones such soils are not even to be found there, but this 
problem is not yet studied and they should have a place left for them in 
the classification. 

Similarly to this we do not as yet possess any data concerning the 
soils of the thermohydrogenic division— the sub-tropical and 
tropical swamps, which doubtlessly are to be found there and are 
sure to possess a series of specific peculiarities, distinguishing them from 
hydrogenic soils of the cold and temperate zones. Therefore it is indispen- 
sable to place them in a separate division, which is intrazonal within the 
limits of the tropical zone. 

The soils of the vertical zones belong to the last soil-division —— 
the orogenic division. However, owing to the very scanty knowledge 
with regard to the characteristical features and origin of these soils, the 
necessity of their being placed into a particular division is not yet 
established. 


Thus the exposed system of soils not only enables us to find a na- 
tural place for every type of soil which has been previously described 
but also gives us the possibility to foresee in advance the types which 
are not yet known, but undoubtedly exist. This quality of the system is — 
as we have already seen—due to the fact that all the essential factors 
of soil formation, as well as all possible combinations of these factors, 
are taken into account in this particular system and, as has already been 
stated by Dokuchaiev, ,when we know the factors of soil formation we 
are able to say in advance what the soil itself must be like“. Owing to 
the fact that soil is a mirror of the complex of physico-geographical condi- 
tions, which it had bees created by, the soil classification based exclu- 
sively on the characteristical features of the soils themselves, entirely 
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Corresponds to the classification of climate and vegetation types. From 

this view-point the entire coincidence which exists between the principle 
/ of classifying soils on the basis of analogous series in soil formation and 

the principle of Professor E. Ramann’s system of soils is of particular of 

this paper interest, though it must be noted that the author of this paper 

Personally got acquainted with Ramann's system of soils long after the 
| report concerning the analogous series in soil formation had been pu- 
blished (this was due to our being entirely isolated at the time from 
| European science and to an almost complete impossibility of being sup- 
Plied with recent foreign literrature). In order to show how similar if not 
identical is the principle on which both classifications are based, Pro- 
fessor Ramann’s system is presented here, though in a somewhat abre- 
viated form. (Table 4). As we see, Ramann’s system is constructed along 
two coordinates— heat and humidity. The classification based on the 
heat factor entirely corresponds in both systems, whereas with regard to 
the degree of moistening Ramann has only four gradations. Ramann has 
included into his system only zonal soils while steppe alkali soils and 
Salines are absent here. The nomenclature of soils is based in his sys- 
tem, on the factors of soil formation and he subdivides them accor- 
ding to the degree of humidity of the climate (Table 4). 


However, he does not introduce any special terms for indicating 
the role of heat in soil formation, but only mentions the belonging of 
soils to this or the other zone of heat. 

Thus, it is doubtless that Ramann’s system of soils is built on the 
Same principle as the one, on which the classification of soils on the 
ae basis of analogous series in soil formation is grounded. The distribution 
of soils is somewhat different within each of the systems, though very 
much alike in principle. This coincidence can certainly not be accidental 
and proves the fact that we have very nearly approached the establishment 
of the principle of a genetic classification of soils and that this principle 
lies in constructing it according to two coordinates—h umidity and heat. 
The crossing of these two coordinates will present the hydrothermic 
resultant, whose mirror reflection on the surface of the lythosphere is soil. 
The temperature regime defines in advance the general nature and direc- 
tion of the soil forming process, whereas the regime of humidity and its 
function the vegetation covering—leads soil through all its stages of 
evolution beginning with the weathering crust untouched by soil formation 
and ending by the completely sterile podzol. This evolution and meta- 
morphosis of soil should, of course, not be understood literally, as 
though every soil must go through all the stages of development, 
independent of its position in space and time. Owing to the very nature 
Of soil its evolution and metamorphosis are possible but as a result of 
a change in the conditions of soil formation, while without these changes 
it is a sufficiently stable and even inert body. In conditions of a suffi- 
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ciently humid climate or in conditions of a Sufficient moistening of the 
soil itself (which may be entirely due to its peculiar topographical 
Situation), soil is gradually modifying within all divisions with the excep- 
tion of salines and partly bogs which do not, either wholly or partially, 
follow the law of analogous series for reasons which have been previously 
discussed. Podzol is always the final result of soil evolution. 

In conclusion it should be mentioned that the classification problem 
besides comprising the complicated question concerning the principle of 
Classifying types also involves a series of less complicated questions. 
These may in many instances be solved by means of asimple agreement 
without necessitating the establishment of some general principles. Such 
questions as the differentiation of soil sub-types within the limit ofa type, 
the differentiation of soil groups according to the characteristical features 
of the soil forming rock, and, finally, the differentiation of soil varieties 
according to their texture all belong to this order. All these questions 
must doubtlessly be solved in the nearest future because of their exces- 


Sive practical importance. 
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